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Abstract 
Prelingually profoundly deaf children usually experience problems 
with language learning (Webster, 1986; Campbell, Burden & Wright, 
1992). The acquisition of written language would be no problem for 
them if normal development of reading and writing was not 
dependent on spoken language (Pattison, 1986). However, such 
children cannot be viewed as a homogeneous group since some, the 
minority, do develop good linguistic skills. 
Group studies have identified several factors relating to language skills: 
hearing loss and level of loss, I.Q., intelligibility, lip-reading, use of 
phonology and memory capacity (Furth, 1966; Conrad, 1979; Trybus & 
Karchmer, 1977; Jensema, 1975; Baddeley, Papagno & Vallar, 1988; 
Baddeley & Wilson, 1988; Hanson, 1989; Lake, 1980; Daneman & 
Carpenter,1980). These various factors appear to be interrelated, with 
phonological awareness being implicated in most. So to understand 
behaviour, measures of all these factors must be obtained. The present 
study aimed to achieve this whilst investigating the prediction that 
performance success may be due to better use of phonological 
information. 
Because linguistic success for the deaf child is exceptional, a case study 
approach was taken to avoid obscuring subtle differences in 
performance. Subjects were screened to meet 6 research criteria: 
profound prelingual deafness, no other known handicap, English the 
first language in the home, at least average non-verbal IQ , reading age 
7-9 years and inter-subject dissimilarities between chronological-
reading age discrepancies. Case histories were obtained from school 
records and home interviews. Six subjects with diverse linguistic skills 
were selected, four of which undertook all tests. 
Phonological awareness and development was assessed across several 
variables: immediate memory span, intelligibility, spelling, rhyme 
judgement, speech discrimination and production. There was 
considerable inter-subject performance difference. One boy's speech 
production was singled out for a more detailed analysis. Useful aided 
Abstract 
hearing and consistent contrastive speech appear to be implicated in 
other English language skills. 
It was concluded that for phonological awareness to develop, the deaf 
child must receive useful inputs from as many media as possible (e.g., 
vision, audition, articulation, sign and orthography). When input is 
biassed toward the more reliable modalities of audition and 
articulation, there is a greater possibility of a robust and useful 
phonology being derived and thus better access to the English language. 
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Vowels 
[l] as in /pig/ [i] as in 'key/ 
[e] as in /bed/ In as in /bird/ 
[re] as in /bag/ [a] as in /car/ 
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[eo] as in /bear/ 
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Chapter 1 
1 GENERAL INTRODUCTION 
Any hearing child, who has no developmental problems, will 
develop a useful spoken language. By approximately four 
years of age most will competently use the grammatical rules 
of their native language and have developed a sufficiently 
mature phonological and phonetic repertoire such that they can 
be understood by listeners outside their immediate social 
environment (Grunwell, 1980). Preschool language 
development is a useful predictor of subsequent cognitive and 
reading ability (e.g., Bishop and Edmundson, 1987; Rescorla, 
1989). A longitudinal study of children with preschool 
language disorders (Aram, Ekelman and Nation, 1984) found 
that deficiencies in language abilities were still present when 
the children were teenagers and young adults. 
Prelingually profoundly deaf l children, those born deaf or 
acquiring deafness before they have developed useful speech, 
generally experience problems with English language learning 
in the full sense of spoken, read and written language (e.g., 
Campbell, Burden and Wright, 1992; Webster, 1986). Studies 
have shown that hearing impaired students achieve 
significantly less well with reading than their hearing 
counterparts (e.g., Conrad, 1979; Furth, 1966; Trybus and 
Karchmer, 1977). Quigley and Paul (1984) suggest that much 
of the difficulty deaf children have with reading stems from 
experiential and linguistic deficits incurred in infancy and early 
childhood. Pattison (1986) suggests that the acquisition of 
written language would be no problem for deaf children if the 
normal development of reading and writing was not 
necessarily dependent on spoken language. 
I Throughout this work the expressions profoundly deaf or deaf will be used to 
describe a prelingual profound binaural hearing loss greater than 95dB in the 
better ear. 
1 
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A national survey of speech intelligibility of hearing impaired 
children educated in British Partial Hearing Units and schools 
for the deaf (Markides, 1981) showed that the majority of 
children with hearing losses greater than 100 dB were 
categorised as being very difficult to follow, unintelligible or as 
having no speech. 
The deaf child population, however, can not be viewed as a 
homogeneous group; some, the minority, go on to develop good 
linguistic skills in terms of speech intelligibility, reading and 
writing. In the Markides survey, for example, although the 
majority of pupils with the stated hearing levels generally 
lacked intelligibility, eleven of them (1%) were categorised as 
having normal speech. So deafness per se does not provide the 
full explanation for any linguistic paucity. 
Despite the apparent uselessness of spoken language for the 
majority of profoundly deaf children, it is possible that speech 
may have other important functions than that of direct 
communication. It is intended to investigate this suggestion in 
the present study. 
Firstly, it is important to identify factors associated with better 
reading skills in the deaf population. Several factors have been 
shown to relate to reading skills: hearing loss and level of 
hearing loss, intelligibility, lipreading, phonology and working 
memory (Baddeley, Papagno and Vallar, 1988; Baddeley and 
Wilson, 1988; Conrad, 1979; Daneman and Carpenter, 1980; De 
Filippo, 1982; Furth, 1966; Hanson, 1989; Iensema,1975; Lake, 
1980; Trybus and Karchmer, 1977). These various factors 
appear also to be interrelated. 
Intelligibility is related to hearing loss (Hudgins, 1934; Hudgins 
and Numbers, 1942; Kyle, 1977; Markides, 1983) and 
intelligibility to speech perception (Markides, 1985). 
Lipreading is implicated in the development of phonology 
(Dodd, 1987) and phonology is implicated in the effective use 
2 
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of working memory (Hardyck and Petrinovich, 1970; 
Lichtenstein, 1985; Slowiczak and Clifton, 1980). Effective 
phonological memory is related to vocabulary knowledge 
(Gathercole and Baddeley, 1989). Working memory and speech 
recoding strategies are important for the storage of sequential 
information. Such information enables comprehension of 
complex linguistic materials where word-order information 
guides understanding or where comprehension requires the 
combining of semantic concepts either within or across 
sentences. 
These interrelated factors: hearing loss, intelligibility, speech 
perception, use of phonology and working memory capacity 
appear to influence the reading performance of the deaf child. 
This suggests therefore, in order to understand fully the child's 
behaviour, measures of at least all these factors must be taken. 
Reed (1984) suggests that factors affecting language and 
speech development can be grouped under three main 
headings : the child, the home and outside the home. The 
present study aims to address most of these factors to some 
degree but is chiefly concerned with those included in the first 
group (the child): age at onset, age at identification, degree of 
impairment, mental ability and linguistic aptitude. 
However, before embarking on a more detailed description of 
these factors and their implications for language learning, a 
brief description of how deaf children are educated in Britain is 
presented. 
1.1 EDUCATION FOR DEAF CHILDREN IN BRITAIN 
It was not until the very close of the nineteenth century that 
education for the British deaf, as an entitlement, was 
recognised by the state. This was a positive step forward for 
teaching the deaf child language although arguably an even 
3 
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more important factor was emerging at this time: the use of 
amplification. 
In 1900, the Austrian, Ferdinand Alt, produced the first 
electrical amplification device. By the 1920's, the technology, 
and understanding of the properties of speech, was improving 
such that the design of more powerful aids was instigated. 
Thus opening up a new life experience to many partially 
hearing children. 
Although entitled to a state education, initially the deaf child 
did not fully qualify for the duration of a normal school life. 
The deaf child was not legally entitled to start to school before 
7 years of age. A parliamentary Act of 1921 aimed to address 
the problem of late starting of education by introducing an 
optional entry age of 2 years, whilst maintaining the 
compulsory starting age at 7 years. Many workers with the 
deaf argued for a reduction in the compulsory starting age. 
Their arguments, were not satisfied until April 1938, when the 
compulsory starting age for deaf children was lowered to that 
of hearing children: 5 years. The voluntary attendance from 2 
years of age was maintained. This was further enhanced by 
the Education Act of 1944 which stated that special education 
could begin in nursery schools. 
With the improvement in hearing aids, it was becoming clear 
that most deaf children could receives some sounds. An 
audiometric survey by Ewing, Ewing and Littler (1936) showed 
that only a minority of children in deaf schools were totally 
deaf; With the establishment of the National Health Service, 
free provision of hearing aids for all deaf or partially hearing 
children was granted. 
This had an impact on teaching methods. Up to 1932, speech 
teaching with the deaf child was based firmly in articulatory 
practice. Growing understanding, evinced through the Ewing et 
al audiometric survey, began to influence the teaching 
4 
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Educators began to emphasize the value of 
listening skills. 
Gradually it became accepted that educational provision for the 
different classifications of deafness, i.e., deaf and partially-
hearing, needed to be different. By the late 1940's, different 
schools for the partially-hearing began to be established. The 
first Partial Hearing Unit (PHU) was opened in London in 1947. 
Through this system of education, the partially-hearing child is 
integrated into mainstream school as much as possible but 
receives help in the PHU from experienced teachers of the deaf. 
However, primary school PHU's are not always staffed by 
experienced teachers of the deaf; there is also a tendency to 
use nursery trained nurses and peripatetic teachers (again not 
necessarily teachers of the deaf). In secondary education, 
PHU's are generally staffed by teachers of the deaf but 
integration into mainstream education tends to be minimal. 
By the 1980's, with the sophistication of technology and the 
introduction of the radio-microphone, it became possible for 
hearing impaired children, who with aided hearing could 
function more like hearers, to be totally integrated into 
mainstream school, at least through their primary education. 
Educational placement: Placing hearing-impaired children in 
mainstream schools, as opposed to special schools depends 
upon their ability to understand oral communication because 
this is the main communications medium for learning (Reed, 
1984). The Education Act (1981) recommends that in the case 
of mainstream schools, the proposed school must be able to 
provide for the child's needs in terms of sufficient help and 
equipment, for the efficient education of the other children and 
the efficient use of resources. 
To meet a further requirement of the Act, the special 
educational needs of the child must be reviewed yearly. This 
other positive feature allows for change, where necessary 
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(Clark, 1989). A child who is not progressing under this regime 
may need to be placed in a setting more able to cater for 
his/her educational needs. 
However, efficient and effective assessment of a child's 
progress depends on the assessor(s) having indepth 
understanding of what constitutes progress in a hearing-
impaired child (Clark, 1989). Many professionals associated 
with mainstream school have little or no knowledge of hearing-
impairment. 
Clark (1989) concludes that the educational needs of each 
hearing-impaired child are different. Therefore there can be 
no general guidelines provided regarding placement. Clark 
stresses, however, that placement should be made to suit the 
child's needs and not simply to fit with what local provision 
already exists. She continues to add the important message 
that a range of provision should be available in every area. 
It is possible to find hearing-impaired children being educated 
in mainstream schools, more than a decade after the 
implementation of the Education Act, who get very little special 
education (e.g., speech therapy). They usually qualify for 
limited special needs help but this is often provided by the 
special needs peripatetic teacher who is not necessarily trained 
to work with deaf or hearing-impaired children. 
The popularity of PHU's and the total integration of hearing 
impaired children into mainstream schools meant that, by the 
1980's, schools for the deaf needed to cater for a smaller and 
different school population i.e., pupils with greater hearing 
problems, often accompanied by multiple handicap, and often 
from families who do not use English as their first language. 
The present decade has seen a further change. The decrease in 
number of partially hearing children requmng special 
education has led to the closure of some PHU's and a change in 
the type of students placed in them. Like schools for the deaf, 
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PHU's now tend to cater for children with more serious hearing 
problems. Governmental cuts are resulting in the closure of 
special schools where numbers are small; one of the schools 
which cooperated in this study is under threat of closure at the 
end of the Summer Term 1995. 
Teacher training: Teachers of the deaf are trained as teachers 
of hearing children with an additional qualification to teach 
hearing-impaired children. Such teachers need to know more 
than just how to work with children to optimise their learning. 
They must also know how to maintain the various forms of 
hearing aids used within schools. Hearing aid maintenance is a 
time consuming aspect of school-life for a teacher of hearing-
impaired children. 
Generally the student qualifies as a hearing teacher first before 
specializing in hearing-impairment. Manchester University 
offer a degree course for teacher training which incorporates 
training for hearing-impaired teaching. It is also possible for 
qualified teachers of the hearing to gain a qualification for 
teaching hearing-impaired children after having worked in a 
school for the deaf or PHU for at least eighteen months. Reed 
(1984) cautions against this approach in terms of difficulties 
faced by the trainee, having to work and train in the one 
school. This could also reflect on the level of education 
received by the children during the time of training. Not all 
trainees are supported in the classroom by academic staff, even 
in their early stages of teaching/training, as witnessed by this 
researcher. 
There is an inbuilt prejudice against deaf people becoming 
teachers of the deaf (Reed, 1984). This situation is changing 
albeit only gradually. Deaf teachers do work in some schools 
for the deaf but the chief positions are filled by hearing 
members of staff. 
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Oral and manual or visuallgestural education: A century after 
state recognition of the right to education, there is still no 
definitive method for teaching deaf children language. The two 
major approaches to language teaching and learning, manual 
and oral, remained as two distinct schools until much later in 
the twentieth century. Even now, within major areas of Britain, 
there is disagreement over which approach should be 
implemented. 
The concept of manual education needs further explanation. 
Various manual systems have been invented and used by 
teachers of the deaf in Britain (e.g., Signed Supported English, 
Paget-Gorman). It is only in the latter part of the present 
century that the visual/gestural language, British Sign 
Language (BSL), has become adopted as the official sign 
language for the British deaf population. The previous lack of a 
standard manual or visual/gestural education inhibits 
comparisons of achievement. With the advancement of the 
Deaf Culture and the adoption of BSL as the signing system for 
use in schools for the deaf, more realistic comparisons will 
eventually be available. 
The latest trend in education for the deaf, instigated by the 
deaf themselves, is to treat signing as the deaf child's first 
language and English as a second language. In this way, deaf 
children are introduced to English using materials and 
educational approaches designed for educating the immigrant 
population for whom English is not the first language. It is too 
soon to draw conclusions on the efficacy of this approach but it 
offers an exciting alternative. Evaluative studies will need to 
be undertaken. 
During the latter half of the twentieth century, realising that 
neither method per se provided an optimum teaching method, 
the concept of Total Communication (TC) which aims to 
optimize all media to suit the needs of the child, was put into 
practice in different schools in Britain. There is no unequivocal 
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evidence that any of the three methods, oral, visual/gestural or 
TC, are generally superior (e.g., Meadow, 1980; Quigley and 
Kretschmer, 1982; Quigley and Paul, 1984). As stated earlier, a 
new project for education in schools for the deaf is now in 
progress. 
What is becoming clear is that the British deaf child is entitled 
to an education but the opportunities for an optimum education 
may be limited. Ideally, any young child is educated among 
like peers in the local community. Learning develops as much 
through play as in the classroom and so the opportunity to play 
with peers outside the school playground is also an important 
aspect of education. Although many mainstream schools will 
take profoundly deaf infants, there is no compulsion for them 
to do so. The movement, aimed at integrating deaf children 
into mainstream schools, works well for some children but 
definitely not all. Those children who function, with aided 
hearing, as hearers, may be fully integrated into mainstream 
school. 
Some deaf children integrate well in the classroom. The use of a 
radio-microphone keeps them in touch with their teacher and 
in the close proximity of the classroom, sitting at tables and so 
on, they can see, and listen at close range to, their peers. All 
this is lost in the playground. Hearing children are generally 
too busy dashing to and fro playing games, the rules of which 
change too quickly for the deaf child to keep abreast. This 
tends to lead to the deaf child opting to stay out, choosing to 
stand alone, or with the dinner ladies, on the side lines 
watching the others in their games. 
If a deaf child is placed in a mainstream school he or she will 
be allowed to remain there only if educational and social 
progress is maintained. In effect, if a child is placed 
inappropriately into mainstream school, inappropriate because 
the system is too demanding in terms of oral communication, 
then he or she will have to be seen to fail before they will be 
9 
Chapter 1 
placed appropriately into a more specialised system. Cl ark 
(1989) implies that often children are taken from mainstream 
schools too soon, before they have had the chance to show fully 
their oral ability. This definitely does not apply in all regions 
of Britain as witnessed by this researcher. 
Some LEA's in Britain support the oral only approach. In such 
systems the deaf child attends mainstream school with the 
support of a peripatetic special-needs teacher. As stated 
earlier, such teachers do not necessarily possess specialised 
knowledge in working with deaf children. The class teachers 
attend a short course which is considered by the authorities, 
but not necessarily by the teachers, to provide sufficient 
information for the teacher to know how to manage with a 
class of lively hearing children and at the same time ensure 
that the needs of a deaf child are met. It is not surprising that 
some teachers take on this further responsibility reluctantly. 
Other teachers, on the other hand, rise to the challenge and 
enjoy the experience of having a deaf child in their classroom. 
In regions where the oral tradition is adhered to strongly, 
parents are encouraged to send their children to the 
mainstream schools. If the child is eventually accepted as a 
failure (this may take several years to establish) they are 
educated in special units for underachieving deaf children. In 
such units some gesture/signing is used reluctantly and in a 
non-systematic way. Consequently, the child who has failed 
the oral approach will be condemned to be a failure unless 
their parents are informed of alternative systematic 
approaches to education. 
Some regions have special schools for infant and junior aged 
children which employ a Total Communications (TC) method of 
tuition. Senior school children go on to attend mainstream 
schools which have Partial Hearing Units (PHU) attached to 
them. This system has the advantage of keeping like peers 
together in the classroom and so ensures a more appropriate 
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educational medium. For some non-academic lessons all pupils, 
deaf and hearing, study together. In this way, it is supposed 
that the system will help to integrate the deaf student into the 
mainstream school population. 
Where parents decide to send their children through a school 
system specialising solely in the education of deaf children, this 
often means the child must live away from home during the 
school week because there are only a limited number of such 
schools in Britain. For some children the trauma of living away 
from home is too great. Furthermore, such an education may 
emphasize the already apparent differences between family 
members. The child educated in a school for the deaf, who 
accepts that within that environment he or she is not disabled, 
may be more reluctant to join in the social world of the hearing 
population where they are, to some extent at least, disabled. 
However, it would be erroneous to suppose that school life is all 
gloom and doom for deaf children; some schools offer excellent 
facilities from nursery age up and aim to develop the child's 
awareness of sound and his or her abilities in all areas. What is 
trying to be expressed here is the fact that the deaf child is still 
not guaranteed an optimum education for three main reasons. 
Firstly, a lack of knowledge of what is the best medium for 
educating such children and its sorry side-effect teachers' low 
expectations; secondly, the ideologically maintained 
polarisation of authorities i.e., the lack of willingness of some 
authorities to adopt a more flexible approach through the use 
of other systematic strategies. Some authorities devoted to the 
oral approach scorn the signing approach and vice versa; and 
thirdly, and probably the most serious, the present cuts in 
education which have led, or are leading, to the closure of 
special schools and a reduction in specialist help, may have a 
grave affect on the children's education. 
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1.2 FACTORS AFFECTING LANGUAGE DEVELOPMENT 
It is necssary at this point to clarify what is meant by 
'language' in this thesis. Unless otherwise qualified, the 
concept of language embraces the spoken, read and written 
domains of the English language. This approach is taken purely 
to facilitate the writing of this research, it is not intended to 
imply that BSL is not a language. The researcher accepts fully 
that BSL is a sophisticated and, like English, a living and 
dynamic language. 
Several known factors can affect language development in 
prelingually profoundly deaf children (e.g. Baddeley, Papagno 
and Vallar, 1988; Baddeley and Wilson, 1988; Hanson, 1982; 
Lichtenstein, 1983; Markides, 1983; 1986; Reed, 1984): 
- Aetiology or cause of deafness 
- Age at onset 
- Age at diagnosis and fitting of hearing aids 
- Residual hearing 
- Speech perception 
- Memory capacity 
- Use of phonology 
It is most probable that other factors also are implicated. One 
factor, not present in the above list, is of interest to this study. 
It is suggested here that use of a consistent contrastive spoken 
language might be a further factor underlying linguistic 
development. A brief description of how the above factors 
may and do influence language development follows, more 
detailed discussion is presented in subsequent chapters. 
Aetiology. There are two forms of hearing impairment which 
arise in the auditory periphery: conductive and sensori-neural 
hearing loss. The former can generally be cured, or greatly 
ameliorated, through surgery and/or amplification and is 
therefore less serious than the latter. There is no cure for a 
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sensori-neural hearing loss. This type of impairment can result 
in a profound hearing loss. 
Impairment can occur at various stages in the child's 
development: pre-, peri- or post-natally. As with other 
disorders, generally the earlier the onset the more serious the 
consequences. The most common known causes of sensori-
neural deafness associated with the three stages of 
development are rubella, prematurity and meningitis 
respectively (Markides, 1981). Only in extremely rare cases do 
infants acquire deafness through head injury or exposure to 
high-intensity noise. For the majority of cases of profound 
sensori-neural hearing loss, however, there is no known cause. 
Aetiology and type of hearing loss will have an impact on 
language development. A conductive impairment usually has a 
relatively less severe effect than a sensori-neural impairment. 
All sounds will be received by a child with a conductive loss 
but at a reduced intensity. Although speech will be perceived 
less clearly, than that of a hearing child, there will be 
considerably less input distortion in comparison to that 
experienced by the child with a sensori-neural impairment. 
The different type of hearing loss will not only affect 
perception of others' speech but also feedback of the child's 
own articulations. The more severe the hearing loss, the less 
likely the child will develop intelligible speech (e.g., Markides, 
1983 ). 
Age at onset of impairment is inversely related to reading skill 
i.e., prelinguistically impaired children tend to be less skilled at 
reading than children whose impairment develops later (e.g. 
Jensema,1975). 
Age at Diagnosis and fitting of hearing aids. Markides (1983) 
argued for the need to establish auditory feedback through the 
fitting of hearing aids as soon as possible after the onset of 
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deafness or within the first six months of life for a child born 
deaf. The correlation between early fitting of hearing aids and 
subsequent intelligibility (e.g. Markides, 1986) is a relatively 
new finding and has promoted awareness of the need for early 
screening of children considered at risk. The earlier children 
are diagnosed as having a hearing impairment, and fitted with 
appropriate amplification, the more likely they will be able to 
make effective use of their residual hearing. This enhances 
speech intelligibility both at the level of perception and 
production and may similarly affect other linguistic skills such 
as reading and spelling which may be parasitic on good speech 
skills. 
Of equal importance may be the fact that the earlier the 
parents or carers know of the sensory deficit the more likely 
they will attempt to compensate for it and develop more 
effective strategies for communicating with their child. Early 
interactive communication patterns between child and carers 
are regarded as the basis of language learning (e.g., Bruner, 
1975). Gregory and Mogford (1981) found that mothers of 
deaf babies, in the pre-verbal stage of development, have more 
difficulties establishing the usual interactive patterns of 
behaviour. 
When Markides was first writing on the subject of early 
diagnosis and fitting of aids, he acknowledged that the effective 
testing of very young children was a desire but at that stage 
barely a reality due to the inability to ascertain and diagnose 
deafness in such young children because the diagnostic 
equipment available lacked sophistication. He countered this 
by suggesting that with the rapid development in computerised 
techniques in auditory investigations this may be only a 
temporary stage and that it would not be long before early 
diagnosis of deafness would become a reality. 
His prophecy has been proven correct. A decade later it has 
become possible for very tiny babies to have their hearing 
14 
Chapter 1 
status tested. Computerized techniques, which will be 
described in chapter four, enable a diagnosis of deafness within 
the first few months of life. 
Very early identification, however, is to some extent dependent 
on recognition of a cause of deafness. Only if a child is born in 
an at risk category (e.g., prematurely or to a family with a 
history of deafness) is he or she likely to be tested using one or 
more of the sophisticated methods for early assessment. These 
test procedures require specialist equipment and knowledge to 
be conducted and so are not part of the normal Health Service 
screening programme. Unless a hearing impairment is 
suspected, such sophisticated techniques will not be used as 
they do not form part of the battery of tests administered by 
the family GP or health visitor. Usual screening for deafness in 
Britain, a distraction test, is traditionally conducted by health 
workers when the child is about 8-9 months old, some areas 
are now using this test with younger infants. Stimuli, at quiet 
conversational intensity, providing both high and low 
frequency sounds, are presented out of vision range whilst the 
child is being visually distracted. Hearing is assumed to be 
normal if the child turns towards the sound source. 
It could be argued that it is proper not to test all children, 
using the sophisticated methods; the procedure is time 
consuming and costly, but Wild, Sheppard, Smithells, Holzel and 
lones (1990) show, even when children are known to be at 
risk, early detection is not guaranteed. Wild et al found that in 
very high risk cases (infants born with congenital rubella) 
diagnosis was delayed. The cause of late identification of 
hearing loss in these high risk children was mainly due to 
failure to refer a child for audiological assessment rather than 
inadequate testing procedures. 
Early identification of children with hearing impairments, who 
are not classified as at risk, is less likely to occur. Webster 
(1986) argues that parents' concerns about the hearing status 
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of their child should always be taken seriously by the family 
practitioner. This advise is not always put into practise as both 
the Wild et al and the present study show. Parents can report 
a suspected hearing problem to either their GP or health 
visitor. The health visitor can refer the child to a Child Hearing 
Assessment Centre (CHAC). The GP and CHAC can refer the 
child for assessment by an Ears, Nose Throat specialist. 
So although early diagnosis is more of a possibility, due to the 
sophistication of technological processes, there is no guarantee 
that all children born with, or subsequently developing, a 
hearing impairment will be diagnosed and fitted with 
appropriate aids within a short time of their birth or their 
developing the impairment. In effect, Markides was only 
partly correct. Early assessment is now possible but not 
strictly a reality. 
Residual hearing. A profound sensori-neural hearing loss does 
not usually mean that the child can receive no sound. There 
are two main effects on hearing due to a profound sensori-
neural hearing loss. One, attenuation, is manifested in a loss of 
pure-tone sensitivity and two, distortion, which results in 
abnormal supra-threshold processing (e.g., Plomp, 1978; Tyler, 
Summerfield, Wood and Fernandes, 1982). 
Sensitivity for certain frequencies, most commonly in the 
higher range, is affected such that gross amplification may be 
necessary. In fact, sensitivity can be so reduced that some 
frequencies may not be detected irrespective of amplification 
and cannot therefore contribute to perception. 
Distortion can affect the auditory representation of frequency, 
intensity and temporal information. Pickles (1988) suggests 
that loss of frequency resolution, rather than sensitivity, which 
may be restored by amplification, may be the major problem 
for speech perception. Frequency resolution is the ability to 
filter one stimulus out from others, presented simultaneously, 
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on the basis of frequency. Analogous to tuning the radio to the 
desired frequency band to receive the one station only without 
background interference. Such behaviour is necessary, for 
example, to facilitate perception of speech sounds in 
background noise. Recent studies show, however, that 
frequency selectivity is poorer in the normal auditory system 
at higher stimulus levels (Dubno and Schaefer, 1991). This 
suggests that the apparent deviation from the norm found in 
the deaf population may not be as great as previously 
considered. In effect, it is probable that all deaf children 
requiring such high amplification of the incoming signal will 
experience deterioration in frequency selectivity. 
Another problem with distortion is loudness recruitment. This 
has been defined in two conflicting ways: 
1) Loudness in the affected ears grows abnormally quickly 
with intensity (e.g., Pickles, 1988). 
2) Loudness recruitment is an abnormal loss of sensitivity for 
quiet sounds (Killion, 1993). There is physiological evidence 
for this. The loss of outer hair cells in the cochlea produces a 
loss of sensitivity for quiet sounds. 
Whichever way the problem is viewed, if the same level of 
amplification is provided for all intensities then, when the 
signal is of high intensity, what is, in effect, unnecessary use of 
amplification can lead to physical discomfort and reduced 
sensitivity. 
Distortion of temporal information can affect temporal 
integration. The healthy ear obtains lower thresholds for long-
duration tones than for short-duration tones. This temporal 
integration is reduced in some hearing impaired listeners (e.g., 
Pederson, 1976; Spence and Feth, 1974; Tyler, 1976; Tyler et ai, 
1982). Similarly, temporal discrimination as assessed by 
temporal difference limen (the increment in duration required 
to detect a difference in the signal) is poorer in hearing 
impaired ( e.g., Tyler et ai, 1982). Temporal analysis in terms 
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of gap detection and discrimination (i.e., the ability to detect a 
silent interval between two stimuli and the increment in 
duration required to detect differences in silence duration) 
suggests that hearing impaired listeners generally require a 
longer gap duration for identification and discrimination than 
hearers (e.g., Boothroyd, 1973; Fitzgibbons and Wightman, 
1979; Tyler et ai, 1982). 
Certain speech features may be detected auditorily and 
augmented with speechreading to provide a faithful 
representation of the speech stimuli and thereby speech 
perception. This is not always possible. Consonants convey 
intelligibility in speech (e.g., Reed, 1984) but, unfortunately for 
the profoundly deaf person, such sounds have their main 
energy bursts in the higher frequency bands which, as stated 
previously, tend to be the more severely affected with this 
type of hearing loss. 
The hearing status of the older child (3+ years) is established 
using pure tone audiometry. This method of assessment aims 
at establishing thresholds but does not tell us how well the 
child performs above threshold. In group studies of speech 
perception in the hearing impaired population, large intra-
group variability is found (e.g., Boothroyd, 1984; Erber, 1970; 
Smith, 1975). This highlights the limitations of prediction of 
speech perception based on knowledge of the pure tone 
audiogram (Boothroyd,1984). 
It is possible that some children who appear to share similar 
hearing losses (i.e., have a comparable average hearing loss 
across the main speech frequencies tested by pure tone 
assessment) have varied abilities in terms of frequency 
resolution or discrimination and temporal resolution or 
discrimination. In view of the Dubno and Schaefer (1991) 
study, however, it seems less likely that deaf children will have 
more effective frequency resolution because all require very 
high amplification. 
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The pure tone audiogram assesses only detection of pure tones. 
Speech consists of complex sounds. Information on speech 
features is conveyed by frequency and temporal factors. 
Speech perception involves resolution and discrimination in 
both domains. Therefore, any loss of sensitivity or any 
distortion may have an adverse affect on speech perception. 
However, measures of resolution and discrimination for the 
frequency and temporal domains are very time consuming to 
obtain and thereby weII beyond the constraints of this study. 
Speech perception The deaf child who has little or no useful 
hearing will be dependent on speech reading for speech 
perception. Speech reading seems to play an important role in 
normal development. Hearing infants of between 10-16 weeks 
of age are aware of the congruence between lip movements 
and speech sounds, showing a significant preference for 
synchrony between the two modalities (Dodd, 1979). By 19 
months of age, hearing children are able to lip-read familiar 
words (Dodd, 1977 & 1987). Dodd concludes that auditory and 
visual speech perception abilities develop together. 
Gibson (1960) and Bower (1974) proposed an amodal model of 
infant perception i.e. infants combine information from 
different modalities to process their perceptions rather than 
processing the information separately. Hence their preference 
for cohesive information. Massaro (1987) suggests that 
integration of information from the two perceptual channels, 
hearing and sight, is an efficient system for the perception of 
speech. Humans find it difficult to process selectively one 
dimension of the speech event independently of the other 
dimension. There is neuropsychological support for this 
concept. Luria (1973) proposed in his model of the working 
brain, developed through working with brain damaged 
subjects, that initiaIIy we absorb all perceptions in their 
specific modes: vision through the eyes and optic nerve 
through to the visual cortex, hearing through the ears and 
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auditory nerve and on to the auditory cortex. He proposed, like 
Massaro, that we cannot make sense of these specific 
perceptions in isolation. For perceptual sense to occur, there 
has to be a synthesis of perceptual input. More recent studies 
on brain-Iesioned people conclude that the left hemisphere 
appears to have a special role in the integration of seen and 
heard speech (Campbell, Garwood, Franklin, Harvard, Landis 
and Regard, 1990) 
For the deaf child one of the modalities is not functioning 
effectively so, as stated before, he or she will be more 
dependent on speech reading for intelligibility. Speech reading, 
independent of audition, however, does not enable total 
discrimination, thereby accurate perception, of all speech 
sounds. 
Certain consonants, for example, can be more readily identified, 
through the visual mode alone, than others e.g. [b]. The place 
where the sound is produced for this consonant is at the very 
front of the mouth. Pressure is created by the lips being 
brought together. When the lips are released the plosive sound 
[b] is produced. This pursing of the lips at the beginning of a 
word such as /boat/ offers a visual cue of discrimination 
between that word and, for example, the word /goat/. In the 
latter example, the initial consonant is produced further back 
in the mouth in the region of the soft palate, the vellum. It is 
the vellum which is lowered to meet the tongue, which is 
raised at the back, to form the closure of the vocal tract and 
released to produce the sound [g]. Throughout this activity, the 
lips are apart but the observer can not see the movement of 
the vellum or tongue. Tyler et al (1982) found that the most 
likely error in auditory speech perception for subjects with 
cochlear hearing impairment involved contrasts of place of 
production. This was a more acute problem for voiceless 
phonemes (e.g., [p], [b], [k]). This is explained by the loss of 
sensitivity in the high frequency regions. Confusions of 
voiceless place targets reflect a failure to resolve a specification 
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of changing spectral shape sited mainly in the mid to high 
frequency areas. 
Similarly, it is difficult to discriminate visually between 
consonants which share the same place of production, differing 
only in that one is a lenis and one a fortis sound e.g. [b] or [p] 
respectively. Hearing individuals can detect the differences 
between these sounds in two ways: the force with which they 
are produced and the duration of the sound. 
The sound [b] may be described as a lenis sound in that there is 
less force to the production of this consonant than that of [p] 
which may be described as a fortis sound. The expressions 
voiced or voiceless are synonymous with these terms and both 
terms will be used throughout this work. A phoneme is 
classified as a lenis, or voiced, sound if the vocal cords are 
vibrating during its production. Where as a phoneme which is 
produced when the vocal cords are far apart, and the noise 
source is elsewhere in the vocal tract, is classified as a fortis, or 
unvoiced, sound. 
Voiced sounds take slightly longer to produce than unvoiced 
sounds. Hearing individuals can identify this temporal 
difference but this may not be the case for deaf individuals. 
Boothroyd (1984) found that initial consonant voicing can be 
detected with a hearing loss up to 90dB. Profoundly deaf 
individuals have hearing losses greater than this level. 
Visual analysis of other articulators can assist speech 
perception. Tongue movement, especially gross movement (e.g. 
the curling back of the tongue to form the sound [I]) is a useful 
cue to certain sounds. Jaw and dental positioning can aid 
perception e.g. in the sound [f] the upper jaw is protruded and 
the top teeth lowered on to the bottom lip (labio-dental place 
of production) to form the constriction for this fricative. 
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Certain vowels are relatively easy to identify through speech 
reading. The vowel in the word /cot/ is produced with a 
rounded mouth shape where as the vowel in the word /key/ is 
produced with an unrounded stretched mouth shape. Some 
vowels can be discriminated through visual anaylsis of 
temporal features. This occurs in 
short monothongs with diphthongs. 
diphthong in such words as /coat/, 
the visual comparison of 
In the production of the 
a glide from one vowel 
sound to another occurs. This vowel can be seen to require 
longer to produce than the short monothong in the word /cot/. 
Several vowels share similar mouth shapes and or similar 
temporal patterns and so speech reading of vowels can lead to 
confusion. 
It should now be apparent that speech reading alone does not 
provide sufficient consistent cues for total unambiguity even 
for hearing individuals who know all the different sounds of 
their language. 
It is possible that the prelinguaUy profoundly deaf child who 
has good speech-reading skills will be better able to develop 
good literacy skills. Dodd and Camp bell (1987) conclude that 
deaf people mentally process lip-read speech as if it has been 
heard not seen and that therefore deaf individuals who have 
good lip-reading skills may be able to gain enough information 
about the phonological structure of language to develop good 
linguistic skills in terms of speaking, rhyme judgement, reading 
and writing. 
Immediate or working memory capacity. It would seem 
probable that prelingually profoundly deaf children, who have 
greatly reduced or distorted auditory input and poor speech 
output, will not be able to use a speech-based code for 
abstracting written material into memory. If this is the case 
working memory, depending on subvocal articulatory rehearsal 
for the retention of material (e.g., Baddeley and Hitch, 1974), 
will be greatly reduced. 
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The working memory capacity of deaf signing children is 
generally shorter than that of hearing children for both written 
and signed sequences (e.g., Hanson, 1982; Wall ace and Corballis, 
1973). This might be interpreted as support for the view that 
these children have to rely on a visual or manual code for such 
material, both of which are less effective for storage 
(Lichtenstein, 1983). However, some deaf children at least are 
able to use phonological information and develop speech-based 
processes (e.g., Conrad 1979; Hanson, 1989). 
Following extensive studies, Lichtenstein (1983) concluded that 
whilst for most deaf students use of speech, sign or 
orthographic coding of written material was not as efficient as 
the speech code of hearing people, the ability of deaf students 
to use speech-based recoding processes positively correlated 
with working memory span. Hanson (1982) found that even 
skilled deaf readers whose first language was American Sign 
Language used phonetic coding in a memory task. 
Problems related to memory and recoding strategies have been 
found to be closely associated with problems which hearing 
children experience in learning to read (e.g., Mann, Liberman 
and ShankweiIIer, 1980; ShankweiIIer, Liberman, Mark, Fowler 
and Fischer, 1979). Daneman and Case (1981) found that 
working memory capacity was a good predictor of the ability of 
young hearing children to learn English syntactic rules. These 
are children who have already developed a skilled spoken 
language. 
Because profoundly deaf children start learning to read when 
their other linguistic skills are generally less well developed 
than those of hearing children, it seems likely that they have 
unusually heavy demands placed on their working memory 
and recoding processes. Deaf children have major problems 
understanding complex sentences in English. Intuitively, it 
seems probable that their reduced working memory capacity 
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offers at least some explanation for their poor levels of 
comprehension. 
Support for this proposition can be found in studies which have 
shown that working memory and speech recoding strategies 
are important for the storage of sequential information (e.g., 
Hardyck and Petrinovich, 1970; Slowiczak and Clifton, 1980). 
Such information enables comprehension of complex linguistic 
materials where word-order information guides understanding 
or where comprehension requires the combining of semantic 
concepts either within or across sentences. Once past the 
primary reading stage, any reader of English will be 
consistently confronted with one or both of these factors. 
Besner and Davelaar (1982) suggest that there may be two 
distinct phonological codes. One which enables extraction of 
phonology from the written word, without using articulatory 
rehearsal, possibly by use of auditory imagery 
(Baddeley,1979). Such a code may be useful for lexical access 
but less so for maintaining information in working memory and 
clearly of little use to the prelingually profoundly deaf child if 
auditory imagery is implicated in the processes. 
The other code which appears to be useful for working memory 
storage and thereby comprehension of complex material may 
be related to articulatory processes (Lichtenstein, 1983). 
However, Bishop (1985) and Bishop and Robson (1989) show 
that dysarthric children, who cannot speak, and anarthric 
children, who have never been able to speak because of motor 
problems, do not have impaired working memory capacity for 
pictures. This is used as evidence against any articulatory 
coding involvement in working memory. However, visual 
representation may rely on visuospatial memory as well as 
verbal memory (Shear, Tallal and Delis, 1992). In the Bishop 
and Robson study, visuospatial memory most probably played 
a major role, Recall required the children to eye-point to 
targets spaced on a screen before them. 
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In the light of Bishop's findings, Besner (1987) cautions that 
articulation may not be implicated in phonological coding. 
However, Baddeley (1993) proposes that the process of 
articulation may operate centrally without realizations of such 
motor programs through the peripheral articulators and that 
the process of translating an auditory input into a motor 
programme may be built into the language acquisition system 
such that it does not require the full operation of the speech 
output mechanism for its development. So for normally 
developing and dysarthric or anarthric children articulation 
mayor may not be implicated in memory coding. 
However, there may be a major difference when a sensory 
rather than a motor deficit is present. Profoundly deaf 
children have received little or distorted auditory linguistic 
input. If Baddeley et aI's suggestion of the inbuilt processing of 
auditory input into motor programmes is correct, this implies 
that the deaf child will have little or confused central 
articulation i.e., problems with subvocalisation. These children 
do not have a previously acquired auditorally-based language 
upon which they can map the articulation of their spoken 
language or the orthography of their written language 
(Lichtenstein, 1983). Deaf children are compelled to read an 
orthography which was designed, albeit tenuously, to represent 
the phonological structure of English. To reiterate, unlike the 
normal hearer or the dysarthric or anarthric child, the deaf 
child has no robust auditory internalisation of language. 
Although children with speech motor problems do not have 
reduced working memory span~ for pictures, like deaf children, 
they too tend to have problems learning to read. Emphasis on 
the importance of working memory span may be misplaced. 
Working memory span per se may have a relatively low 
position in terms of linguistic importance to language learning. 
Perhaps it is the interaction of auditory and articulatory coding 
in memory that is important to reading for comprehension; 
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availability of one facet of behaviour, without an adequate 
contribution from the other, may lead to confusion in language 
abstraction. Baddeley et al (1993) propose that the 
phonological loop, one subcomponent of working memory, 
plays a central role in the acquisition of vocabulary and a 
limited role in comprehension. 
Auditory imagery may be more important to the development 
of phonological processes in working memory where auditory 
input is normal, hence no decrement in capacity for the 
children with motor not sensory deficits but reduced capacity 
for deaf children. Levy (1971) showed that when overt 
articulatory coding is prevented, acoustic coding can 
compensate. Re concluded that both acoustic and articulatory 
coding can be stored. Rerriot (1974) concluded that auditory 
presentation of verbal material for recall is superior to visual 
presentation. 
Lichtenstein (1983) found a correlation between working 
memory capacity and use of a speech based code in deaf 
students. Where the normal processes are greatly reduced or 
distorted, it is possible that the child may still rely on 
integrating information from the two modalities, auditory and 
articulatory coding, where visual coding is not reported. 
Articulatory coding may compensate for reduced acoustic 
coding or vice versa. It must not be forgotten that some 
profoundly deaf children produce relatively intelligible speech 
and some are possibly more able to make useful use of their 
aided residual hearing. 
Finally, it is necessary to consider the effects of different 
teaching methods on the development of good use of memory. 
Deaf children in all the schools attended during this research, 
including those integrated into mainstream schools (with the 
exception of one subject: Andrew) are encouraged always to 
refer to, and copy explicitly from, written sources for answers 
to any questions be they mathematically or linguistically based. 
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In effect, copying rather than remembering is openly 
encouraged. Shear, TaIlal and Delis (1992) caution that some 
learning strategies that may be helpful to normal children may 
be detrimental to language impaired children's performance if 
they increase task demands by reqUiTIng simultaneous 
attention to more than one task constraint. Copying may be 
argued as not over tasking memory. 
This practice, however, appears not to facilitate development of 
comprehension. Furthermore, it is possible that such practices 
have a deleterious effect on the development of memory skiIls 
which may require more active participation. All teachers are 
aware of the reported problems of memory capacity in deaf 
children but, during this research, only one teacher in one 
school for the deaf was observed to be actively engaging the 
children in overt memory tasks with the aim of teaching simple 
mnemonics .. 
Use of phonology. The deaf population is often assumed not to 
have access to phonological information because of their poor 
hearing and speech. However, it is possible that deaf 
individuals have access to this kind of information through 
residual hearing, lip reading, articulatory feedback, signing or 
the orthography (Dodd, 1987; Hanson, 1989; Pattison, 1986). 
Being able to abstract language using phonological processes 
may have implications for other language skills than just 
immediate memory capacity e.g., vocabulary learning, reading 
for meaning and spelling (e.g., Baddeley, Papagno and VaIlar, 
1988; BaddeJey and Wilson, 1988; Frith, 1980 ; 1985). 
Baddeley, Gathercole and Papagna (1993) found that effective 
phonological memory in young hearing children related to 
vocabulary skills. What seems to be common to hearing 
impaired good readers of English is the ability to abstract 
written language using a speech based inner code (e.g., Conrad, 
1979; Hanson, 1989; Pattison, 1986; Treiman and Hirsh-Pasek, 
1983 ). 
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Most profoundly deaf children are able, albeit with varying 
degrees of ability, to develop articulatory patterns for speech 
production. Studies (e.g., Campbell and Wright, 1988; Conrad, 
1979) show a relationship between intelligibility and use of a 
speech-based inner code. It is possible that articulatory 
feedback may augment other processes. Phonological 
awareness is suggested as a variable that identifies the more 
linguistically able children. 
A recent study of hearing children by Service (1992) shows 
that the ability to represent unfamiliar phonological material in 
working memory underlies the development of vocabulary in 
foreign language learning. This is an important finding that 
might have some bearing on the problems faced by deaf 
children. Deaf children who are generally more linguistically 
able tend to have good phonological skills. Where children 
view English as a second language, signing or sign-supported 
speech being their first, it may be necessary to develop an 
apparent phonological awareness of English to facilitate the 
acquisition of a comprehensive vocabulary. 
Measuring use of phonology or apparent phonological processes 
is difficult. One commonly used method assesses the ability to 
recognise a phonological characteristic of speech i.e., rhyme. 
Subjects judge whether or not written word pairs, or picture 
pairs depicting word cognates, rhyme. If children are able to 
perform this task accurately, it may be assumed that they have 
phonological awareness. However, it is possible that this 
method of assessment is measuring metaphonological skills as 
much as phonological skills. It may be argued that the ability 
to use a speech-based recoding process is different to being 
able to reflect on it. This type of test may not be able to detect 
if a child can use phonology but cannot yet reflect on it. The 
child who can make good rhyme judgements may be viewed as 
having a sophisticated level of phonological skill. 
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Intelligibility. Speech seems to be implicated in other 
linguistic skills. Generally, the speech of deaf children is 
described in terms of relative intelligibility. Intelligibility is 
the measure of how well a speaker can be understood by a 
listener. For a verbal message to be understood accurately, it is 
necessary for the speaker and listener to share and use a 
common language. When this occurs, accurate communication 
is possible with greatly reduced output due to the 
predictability of language structure and context. So, 
comprehension of a verbal message generally relies on the 
speaker using a recognised pattern of speech reflective of the 
shared knowledge of word sounds. 
In the English language, it is the production of consonants that 
provides intelligibility (Reed, 1984). Many profoundly deaf 
children do not voice initial 
accepted English productions 
recognisable vowel sounds. 
and final consonants or use 
though they may produce 
The degree to which the 
production of a consonant is visible has been shown to be an 
important factor affecting articulatory skills of deaf children 
(e.g., Calvert and Silverman, 1974; Geffner and Freeman,1980; 
Markides, 1967). These studies reported unanimously that 
sounds produced at the very front of the mouth (labials and 
labio-dentals) were produced more accurately than sounds 
produced further back in the mouth (palatals, fricatives, 
affricates and glottals). The deaf child may have other 
problems with phonation in terms of prosody e.g., intensity, 
pitch (Markides, 1983). 
A report by the Department of Education and Science (1964) 
stated that 33% of children, with hearing losses exceeding 80dB 
in the better ear, had speech which was reported as 
unintelligible. A subsequent report by the same body (DES. 
1972) found an improvement; of children with the same levels 
of hearing loss, only 23% were classified as unintelligible. This 
result more likely reflects sampling variations than an 
improvement in speech intelligibility (e.g., Markides, 1983). 
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Markides (1967) found an inverse relationship between level 
of hearing loss and speech intelligibility up to 81dB HL whereas 
there was no significant difference between subjects with 
hearing losses between 81-100dB and subjects with hearing 
losses of 101dB and over. 
obscure some behaviour. 
children are unintelligible 
children. 
However, such group studies tend to 
Although the majority of deaf 
this is not the case for all such 
Conrad (1979) conducted a most extensive study on the speech 
intelligibility of deaf children whose ages ranged between 15 
and 16.5 years. Using the mean number of target words 
(embedded in sentences) identified to rate intelligibility, he 
also found a strong relationship between hearing loss and 
speech intelligibility. In his study, approximately 74% of 
children with hearing losses of 90dB or more were practically 
unintelligible. 
However, it is erroneous to suggest that the profoundly deaf 
population can be viewed as a homogeneous group. They 
exhibit quite diverse linguistic abilities. Some have good 
speech skills. Such group studies have a tendency to obscure 
such facts. 
Markides (1983), like Reed (1984), accepts that there are a 
plethora of factors affecting speech intelligibility, the most 
important being the ethos, speech environment and aspirations 
characterising the educational establishment, the severity of 
the impairment, the use of residual hearing and competent and 
consistent speech training. Markides (1985) found that audio-
visual speech discrimination was the best predictor of speech 
in telligibility. 
As stated previously, speech output appears to be implicated in 
other linguistic skills. Markides (1985) found a very highly 
significant relationship between intelligibility and audio-visual 
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speech perception Articulatory feedback may augment lip-
reading and residual hearing in the development of phonology. 
Conrad (1979) found a relationship between intelligibility and 
reading skills and use of phonology. Intelligibility and 
phonology are related to working memory span (e.g., 
Lichtenstein, 1983). Effective phonological memory, measured 
by nonword repetition, correlates with vocabulary skills in 
young hearing children (Baddeley, Gathercole and 
Papagno,1993) and is a better predictor of vocabulary than 
nonverbal IQ. Use of phonological processing is implicated in 
theories of reading and spelling development (Frith, 1980; 
1985; Goswami, 1993). 
If these findings accurately reflect the situation and there is a 
relationship between speech output and other linguistic skills, 
subjects who obtain higher intelligibility measures, being 
congnizant of English phonology, also will obtain higher scores 
for speech discrimination, memory span, rhyme judgement and 
literacy skills. 
However, careful study of what was classified as intelligible 
speech, in many of the studies, suggests that the speech was 
not fully intelligible. The subjects had relatively intelligible 
speech in relation to other deaf subjects but not necessarily in 
terms of the normal hearing model of English. So it can be 
argued that the development of reading, spelling and writing 
skills do not appear to be parasitic on speech. 
If this is the case then why do deaf students with relatively 
better speech skills generally perform better at other linguistic 
tasks? 
Consistency and contrast of speech. It is argued here that 
intelligibility is only a measure of how well the speaker can be 
understood by the listener. It provides little information on 
how effectively the speaker can use his or her speech to 
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augment other processes (e.g., in the use, and possibly in the 
development, of a robust phonology). 
In terms of the speech of deaf children, it could be argued that 
such classification results in a negative assessment of speech 
output. Especially if the speech output is assessed by listeners 
who are not familiar with such speech. Familiars and workers 
with the deaf are probably more able to classify the speech on 
a continuum from unintelligible to fully intelligible because 
they have developed schema for such speech patterns. 
The reason for this is of interest to the present research. If 
people who are familiar with deaf speech, or with a specific 
child's speech, are prepared to classify the deaf speaker as 
relatively intelligible, when in reality the speech is not truly 
intelligible, there is probably something quite special about the 
nature of the speech output. 
It will be argued later that it is possible that the child who is 
categorised as relatively intelligible may have developed a 
consistent language. This language output may reflect the 
normal adult model to a varying extent but if sufficiently 
consistent the familiar listener could broaden his or her 
understanding of it (as with the accommodation of unfamiliar 
dialects with exposure) such that the child to all intents and 
purposes is intelligible within the familiar circle. 
Having a consistent spoken language may be important for 
other linguistic skills than just social interaction. It is argued 
here that it is possible that articulatory feedback may augment 
other processes (e.g., lip-reading and auditory feedback) in the 
development of phonology. 
If a child has developed a consistent spoken language and has 
sufficient speech contrasts to reflect those of their native 
language, in this case English, this may facilitate the mapping of 
the language internally and permit the development of a 
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robust phonology. It has been shown that the use of phonology 
is implicated in most linguistic skills. 
For the child who has no, very little or distorted auditory input, 
the dependence on articulatory feedback in the development of 
phonology may be even greater. Where this applies, the more 
consistent and reflective of the native language the spoken 
output is, the more likely an effective internal speech-based 
code can be developed. 
Speech measures, using terms of consistency and contrast, 
would arguably provide a less negative description of output. 
Speech would be also described in less subjective terms. 
However, measuring speech output for consistency or contrast 
at the segmented level, is not as straightforward as making a 
decision on intelligibility. Where necessary, spectrographic 
analysis will enable speech features to be compared and 
contrasted. 
There are three basic speech features related to consonant 
production: voicing, manner of production and place of 
production. If a sound is voiced, the vocal cords are vibrating 
as it is produced. Speech sounds can be contrasted in that they 
mayor may not be voiced. For example [bl is the voiced 
equivalent of the voiceless phoneme [plo It will be possible to 
assess if a subject always produces a voiced sound for a given 
phoneme. 
Speech sounds can also be compared and contrasted in terms of 
manner of production. A phonemes may be produced, for 
example, as a plosive, fricative, affricate i.e., [tl, [sl, [tf] are 
respective examples. 
The energy burst which produces the sound can occur at 
various points along the vocal tract i.e., place of production. 
Sounds can be compared and contrasted along this speech 
feature. Sounds which are produced when the articulators are 
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brought together to cause a constriction or stop are classified in 
this sense according to which articulators are involved. For 
example, the sound [b] is produced when the lips are released, 
following closured. This is classified as a labial phoneme. Some 
sounds, e.g., [g], have a place of production much further back 
along the vocal tract. For this sound to be produced, the soft 
palate at the back of the mouth, the vellum, is lowered to the 
back of the tongue which has been raised. Sounds produced at 
this point are classified as velars. Speech samples may be 
compared and contrasted across this speech feature. 
Vowel sounds also can be compared and contrasted across 
speech features. The speech features associated with vowel 
sounds are height, backness and lip shape. Speech samples 
may be compared and contrasted across these features. 
However, it is possible that the speech output in the present 
study may reflect less readily classifiable features. It may be 
more practical to describe the speech samples in broader terms 
such as duration, fundamental frequency, formant structure 
and voicing. If necessary, these variables can be identified, 
and assessed for consistency and contrast, using spectrographic 
analysis. 
1.3 CASE STUDY APPROACH 
What is becoming evident is that a considerable amount of 
information about each subject is required before any 
conclusions can be tentatively drawn. The majority of studies, 
on which theories and remedial practices have been based, 
have been conducted as group correlational studies. Such 
studies are very useful for guiding further research and for 
producing statistically generalizable findings. However, they 
can only show where relationships exist. Hearing loss, for 
example, has been shown to relate significantly to intelligibility 
but some partially deaf children have poor intelligibility and 
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some profoundly deaf children have good intelligibility. 
Exceptional behaviour is difficult to measure in groups and yet 
recognition of and understanding of exceptional behaviour is 
important. 
Information obtained from exceptional behaviour can be used 
to develop models which can be used to explain behaviour. For 
example, the theory of a dual system of spelling comes from 
the case studies of acquired dysgraphia (Beauvois and 
Derouesne', 1981; Shallice, 1981). Group studies may obscure 
subtle but important differences in behaviour. These 
differences may be of major importance for the explanation of 
variability in linguistic performance. 
The aim of this research is to identify behaviour differences 
between deaf subjects who have relatively good literacy skills 
and deaf subjects who have as yet relatively poor literacy 
skills. As stated earlier, it is necessary to get a broad view of 
as many behaviours as possible: speech perception and 
production, literacy skills, cognitive and language related skills. 
Furthermore, as indicated there are other variables e.g., age at 
onset, aetiology, that may have implications for linguistic 
development. All these factors also need to be assessed. 
A detailed case study approach provides the necessary clearly 
focus sed account of behaviour to enable an explanation for 
performance differences. 
1.4 CONCLUSION 
It is possible that speech may be of importance to the learning 
of literacy skills for children who have no, little or distorted 
auditory input. If this is so, then historically the deaf child has 
suffered at the hands of misinformed professionals. The 
consequences of this may be that deaf children are not 
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expected to perform well linguistically and therefore are not 
encouraged to do so. 
Earlier this century, speech teaching featured heavily in the 
education of deaf children but here the emphasis was on 
developing intelligible speech. Very few profoundly deaf 
individuals learn to speak intelligibly. Fisher, King and Parker 
(1983) have argued the need for caution in remedial practice to 
avoid the risk of losing developed contrasts to foster normal 
model production when to do so would reduce the child's 
contrastive system. This would make the child less intelligible 
even to experienced listeners. 
Fisher et al (1983) are concerned to maintain intelligibility 
which of course is important but it is suggested here, that 
above and beyond intelligibility, it is possible that articulatory 
feedback may be instrumental in the development and 
maintenance of a robust phonology. A robust phonology 
appears to be an important variable for the mastery of most 
linguistic skills. 
With the greater understanding of what makes speech 
intelligible, speech therapy has moved away somewhat from 
emphasis on the segmentation of speech to the development of 
quality of speech in terms of prosody e.g., intensity, pitch, 
duration. However, it may be possible that for speech to be 
useful for the deaf child, it is necessary for him or her to be 
able to produce sufficient consistent phonemic contrasts. If 
this is so, it may be necessary to re-educate professionals away 
from the concept of intelligibility and on to the concept of 
useful consistent contrastive speech which may not always 
fully reflect the English language. 
This research does not aim to address in any depth the polemic 
of signed versus oral education. Probably the optimum 
approach to language learning for deaf children is to start with 
BSL. This will provide them with language structure 
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awareness. It is possible also that deaf children can derive 
some knowledge of phonology through sign language (Dodd, 
1987). Having such a language, the young child has a natural 
and effective socially interactive communication system. 
Although this, of course, would depend on the abilities, and 
willingness to learn, of the child's family. The child born to 
non-signing parents will be disadvantaged even if the family 
opt to learn to sign. The child will have no sophisticated 
pattern of language to observe in the family circle. 
However, if the child is to learn to read and write English, then, 
if as suggested here there may be an articulatory component to 
literary skills, there may be a prerequisite for him or her to 
develop basic effective (not necessarily intelligible) speech 
skills before starting to try to learn to read and write English. 
The hearing child is a proficient user of language before he or 
she starts to read or write. 
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Chapter 2 
2. HEARING IMPAIRMENT 
Deafness is a major problem for the child and his or her family. 
This chapter will explain and discuss the extent of the problem 
nationally, different types and causes of deafness and their 
effects on behaviour. 
Although our understanding of deafness has advanced rapidly 
during the twentieth century, the fact remains that for many 
children the exact cause of their deafness is unknown and may 
never be known. Early detection methods are improving as 
stated earlier but for most children identified as being deaf, a 
retrospective analysis of potential causal factors is the only 
available approach. Most often only a likely cause can be 
attributed. 
2 .1 PREVALENCE OF HEARING LOSS 
One in five children will have a mild conductive hearing-
impairment at some point in their school life (e.g., Murphy, 
1976; Shah, 1981). Up to changes in policy on the recording of 
children with special needs, sensori-neural hearing loss was 
recorded systematically. LEA's in England (DES, 1983) reported 
a prevalence of about 4 per 10,000 children with a more 
severe hearing loss. Children are no longer categorised under 
type of handicap, therefore it is now more difficult to obtain 
statistics on incidence. 
Table 2.1:1 shows the trend over the decade from 1974-1983 
for children receiving education in special schools. It must be 
noted, however, that these statistics do not include children 
educated elsewhere or children whose main handicap is not 
hearing loss. It is most likely that there are many more 
children with partial hearing than these statistics suggest since 
it is the children with severe problems that are more likely to 
be educated in special schools. 
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Table 2.1:1 
Trend in number of children with hearing 
~b::.:e:;.,:i:,:nQ,g~e:;,:d:.:u:.:c~a::-t e:;,:d:::-..:i:,:n.-s::.lp=e;,:;co:,:i a::-;I",,:,,:,,::,:s c:;.,:h:,:oo I s (1974 ·1983) 
Deaf Partially 
impairment 
1974 
1979 
1983 
per 10.000 Hearing 
4.23 
4.29 
3.95 
per 10.000 
5.78 
6.35 
4.88 
The apparent decrease, over the decade, in the number of 
children with hearing loss may reflect a genuine reduction in 
this problem. However, changes in schooling practice may also 
be obscuring this trend. It is possible that more children were 
educated in mainstream schools in 1983 in comparison to 1974. 
Table 2.1:2 
Estimates of prevalence of disability among children in 
Great Britain by type of disability 
(rate per 1,000 population) 
1985 OPCS Survey of British children (0·15 years). 
Type of disability 
Behaviour 
Communication 
Locomotion 
Continence 
Intellectual functioning 
Personal care 
Hearing 
Consciousness 
Dexterity 
Reaching & stretching 
Seeing 
Disfigurement 
Eating. drinking. digestion 
In private Total population 
households (including 
establishments) 
Rate per thousand 
20 21 
10 11 
9 9 
9 9 
8 9 
7 7 
6 6 
5 5 
3 3 
2 2 
2 2 
2 2 
I 1 
Bone and MeItzer (1989) estimate, from an opes survey of 
children (aged 0·15 years) in Great Britain in 1985, that six in 
everyone thousand of the population has a hearing 
impairment (see Table 2.1 :2). This survey computed tables 
according to the severity of disability also and showed that 30% 
of the children with hearing impairment belonged in the most 
severe category. This work provides a more accurate picture of 
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the incidence· of hearing loss because it includes all children 
who have a hearing impairment. 
It has been shown in the previous chapter that early 
identification of deafness and early fitting of hearing aids is 
associated with enhanced linguistic performance but very early 
identification is to some extent dependent on recognition of a 
cause of deafness. 
Before discussing the general causes of deafness, a brief 
description of the normal hearing system will be presented. 
2.2 THE HEARING SYSTEM 
The ear is divided into three major sections: the outer, middle 
and inner ear (see Figure 2.2:1). The outer ear consists of the 
pinna, the external auditory canal and the tympanic membrane 
(ear drum). Sound enters the external ear and is funnelled 
down the canal until the airborne vibrations hit the tympanic 
membrane. This membrane forms the natural partition 
between the outer and middle ear systems. 
In the middle ear sound is conducted through a chain of 
delicate bones, the ossicles. Sound is transferred across the 
middle ear through the tympanic membrane pressing against 
the first bone in the middle ear bone chain, the malleus 
(hammer). This strikes the incus (anvil) which in turn 
activates the stapes (stirrup). The ossicles act to amplify sound 
pressure such that it can effectively stimulate the fluid filled 
inner ear. This is achieved by the stapes pressing against the 
oval window, one of the membranes separating the middle and 
inner ear. 
The inner ear is a complex structure consistIng of two parts: the 
cochlea and the semi-circular canals. The latter serve to 
maintain balance. It is the cochlea, so named because of its 
coiled, shell like appearance, which is important to hearing. 
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Cross-section of the three sections of the ear 
(From Webster. 1986) 
OUTER EAR 
MIDDLE 
EAR 
INNER EAR 
The cochlea is made up of three principal scalas, or canals, 
which continue along the tapering length of the spiral. These 
are known as the scala tympani, the scala vestibuli and the 
scala media. The whole structure is filled with non-
compressible fluid. The base of the spiral is close to the oval 
window. It is in the cochlea that the mechanical sound input is 
transduced into nerve impulses. Exactly how these electrical 
nerve impulses are transmitted along the auditory pathways 
and to the brain is not yet fully understood. 
2.3 TYPES OF HEARING IMPAIRMENT 
Suffice to say, hearing relies on all of the three major systems 
of the ear to be working effectively. Malfunction or obstruction 
in any of these parts will result in hearing difficulties. 
Deafness may be broadly classified as being due to a 
conductive and or a sensori-neural impairment. Table 2.3: 1 
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shows the parts of the ear affected by the two kinds of hearing 
impairment. See Figure 2.2: 1 for location of structures. 
Conductive Deafness: Any difficulty, congenital abnormalities 
of the outer or middle ear or acquired obstructions, which 
impede the normal 
Table 2.3:1 
Structures of the ear 
impairment. 
Hearing Impairment 
Conductive 
Sensori·neural 
affected by different 
Structure affected 
Outer ear 
Middle ear 
Cochlea 
Auditory nerve 
types 
auditory tracts in the brain 
of hearing 
conduction of sound input through the outer and across the 
middle ear may be termed a conductive impairment. In effect, 
such hearing deficits arise through mechanical problems which 
often can be treated. 
Conductive deafness per se can not result in complete deafness 
and generally this type of impairment has considerably less 
impact on the developing child than a sensori-neural 
impairmen t. 
Sensori-Neural Deafness: Sensori-neural hearing loss presents 
considerably more problems than a conductive deficit. This 
type of deafness involves impairment in the nerves of the 
cochlea and or the auditory pathway. Unlike the mechanical 
problems associated with the more common forms of 
conductive deafness, sensori-neural disorders cannot be 
repaired. 
Deafness in infancy can occur at various stages from conception 
to early infancy. With a greater understanding of the causes of 
deafness there is the potential for fewer cases to occur. 
However, advancements in the saving of premature babies, 
with very low birth weight, may offset this potential advantage 
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because such babies have a high risk of hearing impairment. 
Potential causes· of deafness in premature infants is reviewed 
under the heading of 'Peri-natal sensori-neural deafness'. 
Conductive overlay: Some children who have a sensori-neural 
hearing loss also have a conductive overlay which can increase 
problems. 
2.4 AETIOLOGY 
Different causes of deafness carry different prognoses. Specific 
causes, e.g., rubella, are known to have serious consequences 
for the developing hearing system. 
Markides (1981) conducted a survey of children with hearing 
impairment who attended either PHU's or schools for the deaf 
in England, Wales and Scotland. The survey was primarily 
interested in speech intelligibility but other relevant 
information was obtained including cause of deafness. 
Table 2.4:1 
Most common causes of deafness 
55 o PHU. n:lll 2429 
_ Schools n" 2743 
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He found that across the PHU's and schools for the deaf the 
most common known cause of deafness was maternal rubella. 
This accounted for 12.5% of children in PHU's and 19.2% of 
children in schools for the deaf (see Table 2.4:1). However, in 
nearly 55% of the pupils educated in PHU's, and in nearly 47% 
of the those educated in schools for the deaf, cause of deafness 
was unknown. 
For a more recent but smaller scale study, Newton (1985) 
conducted a survey in Greater Manchester of all children with 
moderate or severe sensori-neural hearing losses. As can be 
seen in Table 2.4:2 the more recent findings seem to support 
those of the Markides study showing high percentages of 
deafness associated with hereditary factors and maternal 
rubella. What is disappointing is that still for the majority of 
children with sensori-neural hearing loss the cause of deafness 
in unknown. 
Table 2.4:2 
Causes of hearing loss in the Greater 
Manchester survey (Newton, 1985) 
Causal factor No: children percentage 
(0=111) 
Unknown 
Genetic 
Perinatal 
Congenital rubella 
Postnatal 
CMV 
43 
33 
15 
12 
5 
3 
Conductive Deafness 
38.74 
29.73 
13.51 
10.81 
4.51 
2.70 
Congenital: A child may be born with malformation of the ear. 
In some cases, deformities may be caused by ototoxic drugs. 
Acquired:: Otitis media (inflammation of the middle ear) is the 
most common cause of an acquired conductive hearing loss. 
The Eustachian tube connects the middle ear cavity to the back 
of the nose and throat and acts to ventilate the middle ear. 
This is the main route by which infections enter the middle ear. 
Any infection, from the less severe head cold to the more 
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serious scarlet fever, may cause otitis media; the more virulent 
infections cause a more severe inflammation. 
Inflammation can obstruct, or affect the opening of, the 
Eustachian tube which in effect means the middle ear is no 
longer aerated. This dysfunction of the Eustachian tube results 
in negative pressure in the middle ear cavity which causes 
fluid to be sucked out of the membranes which line it. 
Consequently, a watery fluid is produced in the middle ear. 
This fluid impedes the movement of the ossicles. 
It is essential to restore the middle ear cavity to its normal 
state (Le., air filled). If acute otitis media is not successfully 
treated a thick mucus remains in the middle ear which causes a 
conductive hearing loss and invites further infection. This 
condition is termed medically as otitis media with effusions 
(OME) and commonly as 'glue ear'. 
It is possible that allergies may contribute to the cause of 
middle ear disease as well as infections (Smyth and Hall, 1983). 
Sensori-N eural Deafness 
Pre-Natal Sensori-neural deafness,' During the first three 
months of pregnancy, the foetus is undergoing organogenesis. 
The nervous system and all the major organs are developing. 
This includes the cochlea; the area of the inner ear which 
converts mechanical sounds to electrical nerve impulses for 
transmission to the brain. 
If the mother contracts a viral infection during this stage of the 
child's development, hearing impairment and often other 
equally serious physical impairments can occur. Rubella 
(German Measles) is the most common of such infections. 
It was almost halfway through the twentieth century before 
the possibility of the foetus being at risk from infection became 
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apparent. This came about through the discovery that mothers 
who developed rubella during early pregnancy had a high risk 
of delivering an impaired baby. Since the 1970's, young girls 
and women have been offered the option of a rubella vaccine 
as part of a routine preventative practice. 
This option is currently available across the British Isles. Such 
a preventative drive should have a major impact on the 
incidence of deafness; rubella is cited as the causation of a 
notable proportion of deaf children to date. It is equally likely 
that changes in the abortion laws will have had a major impact 
on the incidence of deafness due to infections in early 
pregnancy. Therapeutic abortions are available through the 
National Health Service. 
One of the most common sequela of cytomegalovirus (CMV) is 
impaired hearing. Unlike rubella and other viral infections e.g. 
influenza, CMV may cause damage in the developing baby at 
any stage during pregnancy. 
Ototoxic drugs can also be the cause of hearing impairment. It 
is possible that certain drugs taken during early pregnancy 
may damage the developing cochlea. Thalidomide produced 
both conductive and sensori-neural disorders (Reed, 1984). 
Greater awareness of such associations has led to better 
screening of new drugs. 
Hereditary factors can also play a part in deafness. Children 
may inherit a hearing impairment directly from one or both 
parents. It is considered also that many children, for whom 
there is no known cause of deafness, may have inherited their 
deficit genetically. This is possible even where there is no 
family history of deafness even in earlier generations. The 
process known as a 'recessive' genetic tendency can occur 
where both parents carry the particular chromosome within 
their DNA which can produce a hearing impaired child. Such 
couples have a one in four chance of a pregnancy producing a 
hearing impaired child. 
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Table 2.4:3 shows a breakdown of the type of causes of 
deafness, associated with prenatal factors, as found by the 
Markides (1981) survey. 
Peri-Natal Sensori-Neural Deafness: The peri-natal stage of 
life is that immediately before, during and shortly after birth. 
At this stage the nervous system is still in a relatively fragile 
state; it is still developing. Any additional difficulties may 
result in damage to the central nervous system. This may be 
manifested in a hearing impairment. A long labour or 
complications at birth resulting in anoxia (lack of oxygen) or 
instrumental injuries may be associated with hearing 
impairment. 
Table 2.4:3 
Prenatal causes of deafness in children educated in PRUs 
and schools for the deaf (percentage scores) 
Causal factor PHD Schools 
Maternal rubella 12.5 19.2 
Hereditary 7.4 6.7 
Familial 4.2 4.3 
Congenital 1.7 4.2 
Genetic factors & syndromes 2.3 1.4 
External malfunctions 0.4 0.1 
Tox aemia 0.1 0.3 
CMV 0.1 0 
Prematurity either in terms of gestation or weight (medically 
prematurity is defined as weight less than 2.5 Kgs) is 
associated with a high risk of hearing loss. Premature babies 
are obviously less robust than full-term babies and are 
therefore more prone to injuries during birth and to 
contracting infections. Some of the drugs administered to 
premature babies have the unfortunate side-effect of being 
ototoxic. However, deafness usually results from anoxia. 
Interestingly, as observed earlier, with the advancement in 
care for very underweight premature babies, infants who have 
a high risk of having a hearing impairment may survive where 
in the past survival would have been unlikely. It must be 
noted equally, however, that awareness of the associations 
between anoxia or prematurity and hearing loss has resulted in 
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more immediate treatment being delivered which should help 
to reduce the incidence of hearing impairment from such 
causes. Table 2.4:4 shows a breakdown of the causes of 
perinatal deafness as found in the Markides National survey 
1981. 
Table 2.4:4 
Perinatal causes of deafness in children educated in 
PHUs and schools for the deaf (percentage scores) 
Causal factor PHU Schools 
Prem at u ri ty -'2':".-=0 ___ ---:2~.3~---
Kernicterus 1.7 3.0 
Anoxia 1.9 1.6 
Birth injury 1.2 0.9 
Post-Natal Sensori-Neural Deafness: Meningitis is probably the 
most common cause of post-natal hearing impairment. It is an 
acute inflammation of the membrane covering the brain and 
spinal cord. Fortunately, incidence of deafness from this cause 
has been reduced with increased understanding of causation. 
There are various forms of meningitis. The more severe types 
generally used to be fatal. Introduction of the drug 
Streptomycin greatly improved chances of survival but had the 
unfortunate side-effect of causing deafness. Awareness of this 
association has led to more careful prescription practices. Such 
drugs would only be prescribed where other less ototoxic drugs 
have proved unsuccessful in treating the primary disease. 
Childhood infections (e.g., mumps, measles and scarlet fever) 
can result in deafness generally less severe (in the case of 
mumps usually of a unilateral conductive nature) than that 
associated with meningitis. However, widespread early 
vaccination against such diseases means that such causes 
account for relatively few cases of hearing impairment. 
Jaundice can cause damage to the nerve cells in the auditory 
pathway, leading from the cochlea to the brain. Jaundice 
results through an incompatibility between the rhesus blood 
groups of the mother and baby. This disorder is better 
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understood nowadays and prompt treatment has reduced the 
incidence of deafness. 
Only in extremely rare cases do infants acquire deafness 
through head injury or exposure to high-intensity noise. Table 
2.4:5 shows a breakdown of the causes of postnatal deafness as 
found by the Markides national survey 1981. 
Table 2.4:5 
Postnatal causes of deafness in children educated 
in PHUs and schools for the deaf (percentage scores) 
Causal factor PHU Schools 
Unknown 54.9 46.9 
Meningitis 3.6 6.7 
Conductive (unspecified) 1.4 0.1 
Measles. mumps 1.1 0.8 
Chronic otitis media 1.1 0.1 
Virus (unspecified) 0.5 0.3 
Drugs 0.4 0.4 
Injury 0.3 0.1 
2.5 AUDlOGRAMS AND AETIOLOGY 
The audiogram provides a clear picture of which 
require amplification and to what degree. 
impairments therefore produce differing audiograms. 
frequencies 
Differing 
The two 
broad classifications of deafness, conductive and sensori-
neural, produce quite different audiograms. Figures 2.5: 1 and 
2.5:2 show typical audiograms associated with both types of 
hearing loss. 
Conductive deafness: Typically, such a hearing impairment 
results in a relatively flat audiogram as can be seen in Figure 
2.5:1. In effect, all frequencies are similarly affected by the 
motor problem. No one frequency is generally more drastically 
affected and generally the degree of hearing loss is 
considerably less severe than that associated with a sensori-
neural hearing impairment. 
Sensorineural deafness: Typically, such a hearing impairment 
results in an audiogram which is described as a ski slope 
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audiogram (see Figure 2.5:2). The higher frequencies are more 
seriously affected by this type of deafness. In some cases no 
response to pure tones at or above 120dB is possible. 
Figure 2.5:1 Figure 2.5:2 
Audiogram of a conductive HL Audiogram of a sensorineural HL 
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As stated earlier in this chapter, a conductive impairment 
usually has a relatively less severe effect on language 
development than a sensori-neural impairment. All sounds 
will be received by a child with a conductive loss but at a 
reduced intensity. Although speech will be perceived less 
clearly, than that of a hearing child, there will be considerably 
less input distortion in comparison to that experienced by the 
child with a sensori-neural impairment. 
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Boothroyd (1984) found that performance rates for auditory 
speech perception fell with increasing hearing loss. 
The different type of hearing loss will not only affect 
perception of others' speech but also feedback of the child's 
own articulations. The more severe the hearing loss, the less 
likely the child will develop intelligible speech (e.g., Markides, 
1983). Articulation may be important for other linguisitic 
skills. Studies have shown an association between 
intelligibility and reading skills in both the deaf and hearing 
child population (Conrad, 1979; de Montfort Supple, 1986). 
2.7 AGE AT DIAGNOSIS OF DEAFNESS 
It is generally accepted, in Great Britain and America, that the 
earlier a child is diagnosed as having a hearing impairment, 
and fitted with appropriate amplification, the more likely 
he/she will be able to make effective use of his/her residual 
hearing. This enhances speech intelligibility both at the level 
of perception and production. 
Early detection of deafness is however fraught with difficulties. 
Only where there is a family history of deafness or where the 
child is known to have been exposed to disease or physical 
injury of which hearing impairment is a common sequela, will 
the more meticulous tests necessary for very early 
identification be conducted. 
However, as Wild, Sheppard, Smithells, Holzel and lones (1990) 
show, even when such knowledge is available, early detection 
is not guaranteed. They found that in very high risk cases (Le., 
infants born with congenital rubella confirmed by the detection 
of IgM specific for rubella shortly after birth) diagnosis was 
delayed. Only 13% of such children who were born between 
1978-1982 and 21 % born between 1983-1987 underwent 
sensitive audiometric testing in the first 6 months of life. They 
found that the cause of late identification of hearing loss in 
these high risk children was mainly due to failure to refer a 
51 
Chapter 2 
child for audiological assessment rather than inadequate 
testing procedures. They argue that high risk patients should 
be tested within the first three months of life and provided 
with hearing aids by six months. where appropriate. Clearly, 
they are right to argue that a 'wait and see' policy is not 
acceptable in such cases. 
A European Community survey (1987) suggested that only 25% 
of hearing impaired children are diagnosed as having a 
perceptual deficit before 12 months of age and that 45% are 
still undiagnosed by 36 months of age (Freeland, 1989). 
Children born with a high risk of deafness may account for up 
to half of all cases (Kramer, Vertes and Condon,1989). Where 
deafness is not expected, it may be reasoned that very early 
identification is less likely. It is most probable that parents 
rarely make intentional loud noises near their young infant 
without making eye contact first. 
Although new parents in the U.K. are presented with a hearing 
test schedule: 'Can your baby hear you?' (McCormick, 1982), 
unless they suspect a deficit, it is possible that they may not 
set out to test the child's responses to noise. The deaf infant is 
interested in his/her visual environment and will therefore 
look around and often appear to respond as a hearing baby. So 
parents may be 'hoodwinked' into believing their infant has no 
sensory problems. Generally, however, the converse occurs. 
Many parents suspect problems before any specific testing is 
conducted. 
Hitchings and Haggard (1983), following the progress of the 
early implementation of the parents' hearing test handout, 
found a significant increase in referrals in babies under one 
year old from the parents who had received the schedule. 
Equally, there was an increase in the number of babies under 
one year old who were diagnosed as having hearing-
impairment or needing surveillance. Latham and Haggard 
(1980) concluded that the 'Fussy Mother' is a myth. Webster 
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(1986) proposed that " .. a parent's worries should always lead 
to a thorough assessment" (Webster, 1986. p.25) because as he 
cautions " ... as often as not (they) are found to be justified" 
(Webster, 1986. p.27). Up to these enlightening studies, it was 
not uncommon for parents' worries to be dismissed by G.Ps and 
health visitors. 
The fact that no baby, hearing or deaf, has any spoken 
language before it is several months old will impede detection 
by one of the more obvious indications of deafness i.e., poor or 
unintelligible speech. This potential indicator maybe 
suppressed further by the wide-spread belief, reflected in 
research literature, that deaf infants 'babble' like hearing 
infants (Oiler and Eilers, 1988). Oiler and Eilers disagree with 
this comparison. Their research findings show a striking 
difference between 'babbling' patterns of deaf and hearing 
infants. They concluded that the "differences between deaf 
and hearing infants at the onset of canonical babbling (e.g., 
mama-dada) and in the proportion of canonical syllables 
produced are so consistent that they might be included among 
screening criteria for risk of deafness in infancy .... " (Oiler and 
Eilers, 1988. p447). 
2.8 METHODS OF EARLY SCREENING AND ASSESSMENT FOR 
HEARING LOSS 
Click evoked otoacoustic emissions: 
(OAE), are acoustic signals produced 
Otoacoustic emissions 
by the cochlea. They are 
considered as an energy leakage from the cochlear travelling 
wave (Kemp, 1986). It is possible to detect and measure these 
signals by a microphone sealed to the ear canal. They can 
occur spontaneously and may be measured in most normal 
human ears in response to stimuli such as clicks (Kemp, 1986; 
Wilson, 1987). Influences which affect normal hearing will also 
affect OAEs such that they become reduced in the pathological 
ear. Consequently, testing for OAEs is an effective test of 
auditory function. Responses are obtained by means of a 
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sealed probe microphone placed in the ear canal. This type of 
testing is a useful screening test for neonates. It is however an 
expensive and time consuming test. 
Brainstem Auditory Evoked Response: This type of screening 
technique is used as part of the routine battery of tests by 
audiologists. Changes in the brain's EEG activity in response to 
auditory stimuli are measured by means of electrodes placed 
on the scalp. 
Auditory Response Cradle Test (ARC): If a hearing impairment 
is anticipated at birth or shortly after, the infant may be tested 
on an auditory response cradle. If such screening techniques 
are available. A microprocessor, fitted beneath the specially 
adapted plastic cradle, measures any changes in breathing or 
body movements in response to loud sound signals. The child's 
behaviour is assessed similarly when no sounds are presented. 
These passive response are used as basal measures. A baby's 
hearing is passed or failed by the ARC by comparing the 
number of responses in the sound conditions with those in the 
quiet conditions. . 
However, for whatever reason (e.g., deafness not anticipated, 
lack of referral etc.) many infants who are born deaf, or who 
develop a hearing loss shortly after birth, will not have their 
impairment identified until they are considerably older. All 
British infants are screened for hearing at about 6-9 months of 
age. 
Distraction Tests: Health visitors are trained to conduct this 
type of assessment. Two assessors and the co-operation of 
carer and child are required for effective assessments. The 
young child sits on it carer's lap, supported at the waist, facing 
one of the assessors who attracts the child's attention by means 
of a silent toy/object. The other assessor positions him/herself 
out of the visual-field of the child and then presents a sound 
stimulus. Stimuli of both and high and low frequency are used 
and presented at about 35 dB (Le., quiet conversational 
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intensity) to both sides of the child. Several trials are 
performed and if necessary intensity of signal is increased until 
the child turns in response. If a high intensity presentation is 
required a hearing deficit is suspected and more in depth 
audiological testing recommended. 
This test is unreliable. Many hearing babies do not respond to 
the test and, if they do not respond at a subsequent test 
session, may be referred for more thorough testing which is 
both unnecessary and uneconomical. Unfortunately, and with 
potentially more serious consequences, the opposite can also 
happen i.e., deaf babies may respond to the 'sound' stimuli and 
their hearing impairment continue to be undetected. Their 
apparent ability to hear may be due to poor presentation 
techniques. The sound presenting assessor may inadvertently 
enter the child's line of vision. The distracting assessor may 
inadvertently give visual cues. The carer may inadvertently 
give cues in terms of covert bodily responses to the stimuli 
such as are measured by the computer in the auditory cradle. 
This technique has been instrumental in delaying access to help 
(McCormick, 1988). 
Studies show that only 10-20% of congenitally hearing 
impaired children are identified through this screening 
technique (Martin and Moore, 1979; DHSS, 1981; NDCS, 1983; 
McCormick, 1983) and a subsquent report from the NDCS 
(1983) claimed that up to 41 % of babies who have a significant 
hearing impairment are not identified by this method of 
screening. It is still the most common screening technique. 
McCormick (1988) argues that all assessors using this 
technique must undergo specific training. He has provided 
guidelines which should be rigorously followed. 
Co-operative Tests: Older children from about 18-30 months 
of age may be tested using a co-operative rather than 
distraction test. The child is asked to perform a simple task 
(e.g., "give the dolly to mummy."). If the child only responds to 
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such directions presented in a loud voice rather than a quiet 
voice (about 35dB) a hearing impairment may be suspected. 
Obviously, this technique has many potentially confounding 
elements. Lack of co-operation could reflect shyness, 
unwillingness to perform for whatever reason, lack of 
comprehension and or other factors. 
Like the distraction test, this test lacks reliability and 
furthermore is less sensitive in that it gives no information of 
the nature or type of hearing loss where an accurate diagnosis 
of hearing impairment is recorded. 
McCormick Toy Test: Once children are old enough to know 
the names of common animals and objects, the McCormick Toy 
test can provide a measure of the child's hearing status. 
Plastic objects (e.g., horse, lamb, chair) are placed in front of 
the child. They are asked to listen and respond to a tape-
recorded message. For example the message may be "Point to 
the horse" or "Pick up the chair". Pairs of items contrasted are 
phonetically similar but not too similar as to constitute minimal 
pairs. The sound level of a taped message is adjusted to find 
the child's threshold for this task. Responses from this test 
show how well a child can discriminate between similar sounds 
in words. This test is intrinsically interesting for the child in 
that there are 3-d objects to see and handle and slightly 
different tasks to be undertaken. 
Pure-Tone Audiometry: Most children from about 36 months 
of age can be tested using this systematic test. An audiometer 
presents pure tones through headphones at specific intensities 
and frequencies across the range of normal hearing. Sounds 
can be presented to both ears separately. The child indicates 
when a sound is perceived and the 
against appropriate frequencies 
audiogram chart (see Figure 2.8:1). 
hearing deficit. 
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Figure 2.8:1 Pure Tone Audiogram Chart. 
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The audiogram provides a clear picture of ability or disability 
showing at which frequencies amplification is necessary and to 
what degree. 
This audiometric test 
information than the 
conducted in infancy. 
provides considerably more useful 
simple screening tests generally 
However, this test too has its weaknesses. It cannot be used on 
young infants because the nature of the task is too difficult for 
very young children to follow. Aided hearing can not be tested 
using the simple audiometer and headphones arrangement. 
Furthermore, although it specifies which pure tones can or 
cannot be detected without amplification, it does not provide 
information of the usefulness of the child's residual hearing in 
terms of speech intelligibility. 
It is clear that detecting and accurately measuring a hearing 
loss in a young child is very difficult. Unless the child happens 
to live in an area where the expensive equipment necessary for 
sensitive testing and the expertise to use such is available and 
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all channels to this are open, early accurate diagnosis and 
remedial action is unlikely to occur. 
2.9 AGE AT FITTING OF AIDS 
Provided that the loss is eventually discovered and appropriate 
amplification fitted, does it really matter if a diagnosis of 
deafness is delayed? 
As stated at the start of this chapter, current thinking in Britain 
agrees that the earlier a diagnosis of deafness is made and 
appropriate remedial steps taken, the better the prognosis for 
the child's behaviour in terms of linguistic development. 
Markides (1986) questioned how early is early in terms of 
effective use of amplification. 
He assessed the speech intelligibility of four groups of deaf 
children. Each group was matched for age, sex, age at onset of 
deafness, degree of hearing loss and educational establishment 
attended. Subjects were grouped according to age at fitting of 
hearing aids: in the first 6 months, the second 6 months, the 
first year or the second year of life. He found that the speech 
intelligibility of children fitted with aids in the first 6 months 
of life was significantly superior to that of children who were 
fitted with hearing aids later. 
These findings led Wild et al (1990) to argue for a National 
policy of screening high risk infants as early as possible. 
However, Wild et al state that auditory evoked response testing 
is expensive and time consuming to run. With the cuts in the 
Health Services in the 1990's, it is probably unlikely that such 
desirable in depth screening will be undertaken nationally. 
It is interesting to consider the implications of the Markides 
(1986) report. It is possible that the first 6 months of life are 
critical to the development of good linguistic skills. Equally, it 
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is possible that the earlier parents learn of their child's sensory 
deficit the more effective they may be as language facilitators. 
Bruner (1975) points out that many early child-carer 
interactions involve turn taking. A baby's gurgling or crying is 
often treated as intentional communication by its carer who 
responds accordingly. In effect, infants are treated as if they 
are conversational partners. Bruner suggests that such 
interactive patterns, involving the provision of a message and 
an elicited response, can be viewed as the foundations for 
subsequent conversation skills. 
Halliday (1975) proposes that, long before they use 
recognisable words, infants have a wide range of 
communicative intentions and understand a considerable 
amount about the environment. Clearly then, for the normally 
functioning child, language development is underway long 
before the onset of the first word. 
Interaction patterns between the deaf child and his/her carer 
may be different. Early on in their relationship the carer, 
consciously or not, may have come to accept that the child will 
not conform to the conventional pattern of turn-taking. This 
can occur before a diagnosis of hearing impairment has been 
made. The carer may not interact with the infant in the same 
way that he/she would with a responding, hearing child. 
Studies have shown that large differences in mother-child 
dialogue occur with deaf children by two years of age (Gregory, 
Mogford and Bishop, 1978; Mogford, Gregory and Keay, 1978). 
For example, mothers of deaf children tend to use less complex 
language as the child gets older. This trend is in the opposite 
direction to that of mothers with hearing children. In effect, 
the deaf child's mother reduces the linguistic input to her child. 
As well as paucity of language input from this external source, 
very young deaf children will have poor feedback from their 
own speech output. These factors may have a deleterious 
affect on language learning 
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Furthermore, hearing children appear to come to language 
learning with processing strategies dependent on their hearing 
(Pattison, 1983). In English, most grammatical morphemes are 
positioned as suffixes. Young hearing children find the endings 
of words to be more salient and these tend to be acquired 
earlier (Slobin, 1966b; Mikes, 1967). Some suffixes such as the 
plural [s] have their energy release in the high frequency 
range. High frequency hearing loss is commonly associated 
with sensori-neural impairment and so such sounds are 
unlikely to be detected. Most suffixes, like function words, 
tend to be unstressed and so these too will be difficult for deaf 
children to detect. It is not surprising therefore that profoundly 
deaf children tend to have major problems with written 
language comprehension. 
These children manage to master simple grammatical 
sentences which involve strict left-to-right word order 
processing (subject-verb-object) for accurate sentence analysis. 
However, the children tend to adopt a principle of processing: 
the Minimum Distance Principle, which does not always aid 
comprehension (Webster,1986). This strategy takes the noun 
closest to the verb as the subject. In the sentence: 
'Richard stroked the cat and went to bed.' 
the deaf child may not see the continuance of meaning, because 
the subject is not repeated, and interpret this as meaning the 
cat went to bed. 
It is possible that because deaf children are deprived of the 
speech sound action interpretation of very early child-carer 
interaction that they do not readily learn to apply to and fro 
principles to reading. 
With the technological advances being made in the field of 
screening, the likelihood of deaf neonates being detected is 
increased. If a child is identified as having a hearing 
impairment in very early infancy and fitted with aids, the 
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detection of some sounds at least may be possible and an 
awareness of sound action synchrony developed. As this 
chapter shows, the earlier a diagnosis of deafness is made the 
greater the chances that the developing child will have of 
learning to communicate through the medium of speech. This 
in turn may enhance the child's linguistic development 
generally. 
2.10 HEARING AIDS 
Once a child has been diagnosed as having a hearing 
impairment and adequate test measures taken, appropriate 
hearing aids are generally prescribed. For some children (e.g., 
children born with no cochlear) amplification however high will 
not aid their hearing. Fortunately, most children stand to gain 
something, however little, from aided hearing. 
Electrical hearing aids comprise of a microphone, an amplifier 
and a receiver. The microphone picks up sound energy and 
transduces it into electrical impulses which reproduce the pitch 
and intensity of the signal. The amplifier acts to increase the 
electrical signal before it reaches the receiver. The receiver 
converts the impulses back into sounds. 
Body worn aids: Body worn aids are so named because the 
case housing the microphone, amplifier and batteries is worn 
on the chest. It is linked by means of a long cord to the 
receiver which fits into the child's ear. This is a very robust 
system which can provide good quality amplification across a 
wide frequency range. Because of its size, it is easy to control 
and maintain. 
There are, however, psychological and physical problems 
associated with this type of aid. Such aids, being rather bulky, 
lack aesthetic quality. They may also draw attention too 
readily to the disability. They are rather cumbersome and the 
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favoured positioning on the body make them a nuisance to 
wear; they get in the way of play and affection. 
Keeping the microphone clean and the cord safely out of the 
way present problems for the parents of young children. 
However, possibly the main physical problem relates to the 
unnaturalness of the location of signal reception. The 
positioning of the aid determines that any sound signal is not 
detected at the normal position i.e., the ear. 
Post-aural aids: The most commonly used aids by deaf 
children are post-aural hearing aids. The main case of these 
aids fits behind the auricle (hence their name) and is linked to 
the ear canal by a thin plastic tube which is connected to a 
mould fitted in the ear. Since they are sited close to the ear, 
the normal location for hearing sounds, some of the normal 
hearing functions are replicated (e.g., direction of received 
signal). All the components of the aid are found within the 
main case. The amplified signal is transmitted to the ear 
through the plastic tube. 
One of the main problems with this type of aid is feedback 
caused by the proximity of the microphone to the receiver. 
Various models of post-aural hearing aids are commercially 
produced and some models are available on the NHS. Some 
children derive more benefit from certain models than others 
but their prescription may be limited to a NHS model. 
Radio hearing aids: Radio hearing aids provide a better signal-
to-noise ratio at the child's ear and are therefore of enormous 
benefit to speech intelligibility in relatively noisy 
environments such as the school room. 
The speaker (e.g., the teacher) wears a microphone 
approximately 20 cms from his/her mouth. The speaker's 
voice is transmitted via radio waves to the child's hearing aids 
which amplify the signal. This means that the speaker need 
neither be close nor visible for the child to receive the signal. 
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Such aids overcome the need to have specially designed quiet 
environments for teaching deaf children and thereby enable 
and encourage integration of deaf pupils in mainstream schools. 
Radio aids do, however, require appropriate management in 
the classsroom to maximise their effectiveness (Webster and 
Wood, 1989). Unfortunately, these aids are not always 
managed appropriately. There are teachers who are most 
reluctant to wear the aids. Their main arguments are two fold. 
One, they consider that they have not had adequate training to 
teach children with special needs of this kind. Two, they find 
the radio microphone a nuisance to wear. 
Perhaps it should not be too surprising that some mainstream 
teachers, who have the task of teaching large numbers of 
pupils in the classroom, are reluctant to take on children with 
such a disability. Certainly all teachers required to wear 
microphones should have adequate training to do so because 
inadvertent abuse can occur when microphones are used by 
unskilled wearers. 
In some instances, PHU's at primary level rely on staff who 
have no specialist training in working with deaf children. 
Inadvertent misuse of radio microphones can occur through 
inexperience and lack of knowledge in terms of how the 
apparatus works. Misuse in such circumstances may involve 
the teacher in such practices as forgetting to switch on the 
microphone or speaking too loudly too close to the microphone. 
The first type of error may result in an apparent lack of co-
operation from the child and obvious reduction in education; 
the second may induce physical pain. 
There can be a general lack of conscientious use of radio 
microphones in main schools. Besides joining in with certain 
main stream curriculum lessons, children from PHU's generally 
attend the main assembly. Often the main speakers do not 
wear a microphone even when one is placed on the table near 
them. It is probable that they just 'forget' to put it on. 
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So there is reluctance and inadvertent abuse to be found 
among teachers using this system to enhance communication 
for the deaf child. 
There are other problems associated with the wearing of radio 
microphones. At schools where staff have a positive policy to 
the wearing of the microphones and adopt the management 
method of checking the microphone is switched on and being 
received by all before each lesson, it is not unusual for staff to 
forget to switch off the apparatus before leaving the classroom. 
Where this occurs, it is possible for confidential information, 
being discussed with an appropriate other, to be overheard. 
There is also the physical problem of lack of awareness of the 
direction of the signal. Since the sounds are fed directly to the 
ear the child can not tell from the signal alone whether the 
speaker is in front, behind or even in the classroom. If speech-
reading is necessary to augment intelligibility, this can be a 
problem. Furthermore, it may reduce the child's awareness of 
the importance of speechreading in public. Once out of the 
classroom or similar institutional setting, it is unlikely that 
speakers will be wearing such aids. 
Radio microphones are used regularly in two of the schools 
associated with this study. In these schools they are used 
professionally and willingly and a full explanation and at hand 
assistance is provided to visitors if requested to wear one. 
Cochlear implants: Profoundly deaf children whose 
impairment is not helped by the most powerful conventional 
hearing aids may benefit from a cochlear implant. In effect, if 
the deafness originates in the cochlea and has not severely 
affected the auditory nerve, it is possible to have an electrical 
prosthesis implanted in the cochlea. 
Simple single channel devices, at the very least, can provide 
some auditory contact with the environment. The noise of 
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traffic and alarm signals can be detected which increases the 
safety of the deaf person in the community. These devices can 
provide cues to augment speech reading (e.g., voicing) and 
possibly of more importance a sense of emotional contact with 
the social world, a reduced sense of isolation (Fraser,1990). 
However, speech discrimination from 'open' test sets with these 
single channel prostheses is poor or non-existent (Pickles, 
1988). 
The more sophisticated multi-channel implants can enhance 
speech perception (Clark, 1986; Schindler, Kessler, Rebscher 
and Yanda, 1986). In these devices gains occur from electronic 
preprocessing of the signal. Information on certain speech 
features, which aid discrimination, (e.g., voice fundamental, 
formant frequencies) are processed and presented to the 
electrodes in the cochlea. 
Although these auditory prostheses are still at a relatively 
early stage in development, the reported results of their 
implementation have been very encouraging. Cochlear 
implants were introduced in the U.K. in the early 1980's, but up 
to 1990, implantation in the U.K was funded to a large extent 
by charities. In January 1990 the Department of Health agreed 
to take responsibility for the funding of any future implants. 
It costs around £30,000 to implant a device and to rehabilitate 
a child. By 1992, over 20 children had been treated in Britain. 
Some of these children have learned to perceive speech 
without recourse to lip-reading and their speech output has 
improved but not all children have had such success. The BMJ 
(1992) suggests that more research is required. Knowledge of 
the finer workings of the cochlear is still in its infancy. There 
is, for example, no universally agreed model of sound 
perception. 
Although cochlear implants are possibly as revolutionary an 
idea as the original hearing aid, as with the more traditional 
hearing aid, they are only prosthetic devices, they do not cure 
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the condition. Only profoundly deaf children with a hearing 
impairment originating in the cochlea can benefit from this 
treatment. 
It has taken the British deaf popUlation centuries to develop 
the sophisticated language BSL they now share. This has 
enabled them to come together to share other cultural interests 
such that within their own community the deaf individual is 
not disabled. There is a living and progressive Deaf Culture. 
One that understands, and works towards satisfying, the needs 
and aspirations of deaf individuals. Many deaf individuals who 
are orally trained and have good oral skills turn to the Deaf 
Community, as they mature, recognising that within the 
hearing society their needs are not fufilled. 
SUMMARY 
Various factors dictate to some extent the potential severity of 
problems associated with deafness. The degree of hearing loss, 
the type of hearing impairment and the age of the child at 
onset, diagnosis and intervention. A sensori-neural loss is 
generally more serious than a conductive loss; the younger the 
child at onset the more likelihood of greater problems with 
language learning; delay in diagnosis and intervention may 
exacerbate any problems. 
Diagnosing hearing impairment in very young children is not a 
simple task, though where access to the latest technology is 
available, this is becoming more feasible. Once a diagnosis of 
deafness is made, there are various strategies available to aid 
the deaf child. 
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3. THE MAIN STUDY: AIMS 
This study aimed to identify six profoundly deaf children who 
exhibit diverse linguistic skills. To reiterate, throughout this 
thesis unless otherwise stated, reference to the terms language 
or linguistic skills relates only to those of the English language. 
The decision to take a case study approach was made to avoid 
sensitive data being absorbed in the calculations, a potential 
problem with group studies. Physical and functional abilities of 
children who function as, or relatively more like, hearing 
children are compared with those of children who have not yet 
fully developed these skills. By comparing performance across 
several variables, it may be possible to identify variables 
which relate more sensitively to linguistic skills. 
To achieve this, factors known to be related to language 
learning and speech are assessed. These include reading age, 
non-verbal IQ., intelligibility, literacy skills (spelling age), 
memory span, rhyme judgement, speech discrimination and 
production and the physical factors discussed previously. 
These investigations have facilitated the production of a model 
to explain the development of phonological awareness. 
This chapter describes the research criteria, how subjects were 
located, which subjects were selected and provides an 
individual history of each of the selected children. 
3.1 SELECTION CRITERIA 
Subjects were screened to meet six research criteria: 
1) Profound prelingual binaural hearing loss. 
2) No other known handicap. 
3) English the first language in the home. 
4) At least average non-verbal IQ. 
5) Reading age 7-9 years. 
6) Dissimilarities between chronological'reading age discrepancies. 
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Where appropriate reasons for inclusion of the criteria are 
offered below. 
Profound prelingual binaural hearing loss: An average hearing 
loss of at least 95dB in the better ear. This is the level of 
hearing loss classified by the British Association of Teachers of 
the Deaf (1981) as profound deafness. Past studies have 
tended to categorise a hearing loss of 85dB or over as a 
profound loss but studies (e.g., Boothroyd, 1984) have shown 
that even such reduced hearing can be more useful to the child 
than that of the child with 95dB or greater. 
The more severe the hearing loss, the greater the problems of 
language learning. Since this study aims to assess factors 
related to problems of language learning, it is appropriate to 
work with children who have a profound hearing loss. 
Studies have also found that the earlier the onset of deafness 
the greater the problems with language learning; use of speech 
is implicated in these findings i.e., the child who has acquired 
deafness after having established good speech patterns has a 
brighter prognosis for language learning than the child who has 
not developed speech skills. For this reason the study aimed to 
work with children who have a prelingual profound loss. The 
research criterion for prelingual hearing loss in this study is 
that onset of deafness must have occurred before two years of 
age. 
Hearing status was established by using the average hearing 
loss across the three main speech frequencies (0.5, 1 and 2 
KHz) in the better ear as shown by pure-tone audiograms with 
a maximum amplification of 120dB. Information on onset of 
deafness was provided initially by head teachers. 
No other known handicap: This controls for any possible 
confounding of interpretation of findings. This study is only 
interested in the effects of hearing impairment. 
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English as a first language: Each child in this study had to 
belong to a family for whom English is the first language. This 
avoids any possible confounding through unfamiliarity with 
language. 
Average non-verbal IQ: To avoid any problems of skills being 
attributed to intellectual deficiency, all subjects had to obtain 
scores representing at least an average IQ. Non-verbal IQ is 
measured using the Raven's Standard Matrices. 
Reading age 7-9 years: Reading ages are established using the 
Edinburgh Stage One Test. This test was chosen for two main 
reasons. Firstly, it provides a broad profile of skill. Abilities in 
the areas of vocabulary, syntax, sequences and comprehension 
are measured and helpful interpretation provided. Secondly, it 
is a test which is respected by most teachers of the deaf even 
though they recognise its weaknesses as an assessment tool for 
their children. It is a test they use and so therefore useful 
updated information could be provided about the reading 
status of the children tested. 
This test, like most reading tests, was constructed for use with 
hearing children and as such may not reveal fully a deaf child's 
ability or status (e.g., Webster, 1986). However, the scores 
from these tests will show a child's ability in terms of the 
measurement parameters. They are not to be used for 
comparison with hearing children. 
Dissimilarity of chronological-reading age discrepancy: The 
discrepancy between chronological age and reading age is 
established by subtracting the subject's reading age from their 
chronological age. Profoundly deaf children generally have a 
depressed reading age in relation to their chronological age of 
approximately three years (Le., a negative discrepancy score). 
This may be due to delayed or deviant development. Better 
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readers have a reading age more commensurate with their 
chronological age. 
Subjects with differing chronological-reading age discrepancies 
will be selected such that some will be categorised as better 
readers (Le., a positive discrepancy or a negative discrepancy 
less than three years). 
Testing: Of the six criteria, three only require the children to 
undergo testing: the hearing test, the IQ test and the reading 
test. 
To avoid any unnecessary testing, a further proviso was made 
that if a child had had his or her hearing tested within the last 
six months and if they did not exhibit signs of progressive 
deafness, data would be obtained from the current audiograms. 
The non-verbal IQ test would need to be completed by all the 
children unless they had undergone the same test within the 
very recent past. This is essential because the scoring system 
is calibrated in intervals of six months. 
The reading age test would need to be completed by all 
children but this would provide useful information for schools. 
In effect, the criteria aimed to address as many potentially 
confounding variables as possible whilst attempting to reduce 
to a minimum the time required for the screening process. 
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3.2 SUBJECTS 
It was decided to select subjects from a variety of educational 
settings because good readers, academic achievers, are found in 
both the orally and visually/gesturally educated deaf 
population. Furthermore, it is almost impossible to control for 
educational approach; a factor that can confound large studies. 
In this in depth case study approach, many potential factors 
influencing behaviour will be studied and a clear description of 
how they relate to each child will be provided. 
However, before any screening of subjects could be 
undertaken, it was essential to develop a better understanding 
of deaf children than that gained through the literature alone. 
This was achieved by various means. Several PHU's were 
visited and one day was spent observing/helping a peripatetic 
teacher of the deaf in her work with deaf children in 
mainstream education. These were useful introductions to the 
school-life of deaf children. It was evident, however, that such 
snap-shot views were insufficient to build up the competence 
required to work with deaf children such that optimum test 
results could be obtained. Very few of the children 
encountered in these settings had intelligible speech. It was 
necessary therefore to start to learn BSL. 
Historically it was considered by the hearing population that 
BSL lacked organisation. Brennan (1981) found that BSL is a 
fully structured language with grammatical rules different 
from, but equally complex as, the syntax of spoken English. 
Earlier studies of American Sign Language, which is 
structurally similar to BSL, led to the conclusion that signs 
comprise of subcomponents analogous to the phonology system 
of spoken languages (Stokoe, 1960; Battison, 1974) A deaf 
child who has access to such a language is able to communicate 
in the here and now and in the abstract just as any hearing 
child can with spoken language. Sign languages such as BSL are 
not simple languages to master. Practice was made possible by 
helping out one day each week for two terms at a school for the 
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deaf. This was a very valuable experience. It enhanced 
understanding of the Deaf Culture and the complexities and 
sophistication of the visual/gestural language BSL. By the end 
of the second term sufficient competence and confidence had 
developed such that it was possible, with teacher support 
where necessary, to begin to screen for appropriate subjects. 
Initially, permission to work with children in schools and an 
address list of Schools for the Deaf and PHU's was obtained 
from the relevant LEA's. It was a relatively straightforward 
process to identify children educated in special schools or units 
and equally straight forward to identify children who had 
relatively poor linguistic skills. The search for deaf children 
with good linguistic skills entailed a considerably more complex 
procedure. Services for the Hearing Impaired were approached 
for advice in how to locate such children who were being 
educated in mainstream schools. 
As this thesis has suggested, there are relatively few deaf 
children who have good linguistic skills. It was many months 
into the study before such a subject was located. Only two 
subjects were identified who could be described as having 
reading/writing skills commensurate with or closely aligned to 
their chronological age. One of these children belonged to a 
family for whom English is not their first language i.e. an 
exclusion criterion for this study. In effect, there was a choice 
of one subject only to represent good linguistic skills. Perhaps 
this is due to the age of the subjects chosen for this study. 
The children were selected from schools in Nottinghamshire 
and Derbyshire. Fourteen subjects were screened of which six 
were selected to meet the six research criteria: profound 
prelingual binaural hearing loss, no other known handicap, 
English as the first language in the home, an average non-
verbal IQ, reading age 7-9 years and dissimilarities of 
chronological-reading age discrepancies between subjects. 
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Subjects were selected, initially, on the basis of information 
obtained from schools. After selection had been completed, 
more in depth histories were compiled through parental 
interviews. The interviews revealed a weakness in this 
approach. Some information provided in the initial screening 
was somewhat misleading (as applies to the two subjects Karen 
and Thomas). However, these problems have not affected the 
validity of the study. 
Although six subjects were selected, all of whom participated in 
the very early stage of testing, two of them (Simon and 
Thomas) were unable to undertake all tests. After the first few 
weeks of testing, the boys' head teacher said he would prefer 
all subsequent testing to be conducted out of school hours. Not 
that he was unsympathetic to the study, rather that he was 
concerned for the boys school work. This is a major problem 
with an in depth study i.e. ensuring that sufficient information 
is obtained without impinging too greatly on the child's 
education. 
As with school visits, arranging domiciliary visits is complex 
and open to failure. For example, Simon and his parents were 
eager to help and some home visits were successfully executed. 
However, several abortive visits occurred and it became 
obvious that it was not feasible, within the constraints of this 
study, to travel the considerable distance required to conduct 
further tests. Where possible data obtained from Simon is 
included in the analysis. Only limited data is available for 
Thomas. His guardians were unco-operative with out of school 
hours testing, making it difficult to pursue work with him. It 
was considered inappropriate, at this stage in the study, to try 
to recruit a suitable replacement. To have done so may have 
jeopardised the work already underway. 
Therefore, for the majority of this work four subjects only are 
discussed. 
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The six subjects of the present study are all British nationals. 
At the start of testing, they had an age range of 9-12 years; all 
of the families had no known history of deafness and, with the 
exception of Thomas, all lived within a nuclear family where 
the breadwinner was in employment. 
A more in depth account of each subject now follows. There is 
considerably more information available for Andrew because 
at an earlier age he was studied by a medical graduate. His 
parents made the detailed report from the earlier research 
available for this study. In stark contrast, there is relatively 
little information on Thomas. He is an orphan. His guardian 
attempted to provide as much information as possible but had 
only scant knowledge of the boy's early life. 
3.3 ANDREW 
Andrew was born on 14.10.81 and was 9 years 1 month old at 
the start of testing. He has an older sister and a younger 
brother. 
Research Criteria 
The search for a child with a profound prelingual deafness who 
had good reading and writing skills was extremely time 
consuming. It involved liaising between three LEA's. Andrew 
was selected for the in depth study mainly because of his 
literary skills. 
Hearing Status: He has a profound hearing loss of 98 dB in the 
better ear as assessed by the average hearing loss across the 3 
frequencies .5, 1 and 2 KHz. Figure 3.3:1 shows these measures 
graphically. This level of hearing loss fully met the 
requirements of the research in terms of hearing impairment. 
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Non-Verbal IQ: Andrew scored a low average grading (Grade 
-3) on the Raven's Standard Matrices Test. 
Reading Age: At the time of testing, he was shown to have a 
reading age of 8:5. There was one anomalous score across the 
subset of tests. His score for vocabulary was abnormally high. 
The other three parameters were within the expected norm 
with syntax and comprehension being ascribed median scores 
and sequences at below median score. 
Interpretation according to the Edinburgh Manual suggests that 
the anomalously high vocabulary score points less to a strength 
in this area than to a weakness in the other areas. In effect, 
the manual suggests that Andrew's potential is depressed. 
Chronological-Reading Age Discrepancy: At the time of testing, 
Andrew's reading age was very close to that expected by 
someone of his chronological age. He had a chronological-
reading age discrepancy of -0:8. Clearly, this is an excellent 
score for someone with his hearing status. 
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Medical History 
There is no history of deafness in either parent's family. Both 
parents were healthy at conception. 
Pregnancy: The pregnancy was complicated by 
polyhydramnios (too much fluid round the baby) at 30 weeks. 
The mother went into spontaneous labour at 34 weeks. The 
baby was delivered by Caesarean section due to a breech 
presentation combined with prematurity. 
Neonatal problems and aetiology: Andrew experienced many 
problems in very early infancy. At six days old he required 
surgery, having neonatal perforation of the bowel. Early 
investigations showed that Andrew had a congenital 
cytomegalovirus (CMV) infection. CMV is the most common 
congenital infection and sensorineural hearing loss is the most 
common sequela to this infection. He remained in the neonatal 
unit until he was six weeks old. 
Hospitalization: During infancy, Andrew required three 
further admissions to hospital; when he was ten weeks old 
(hypothermia), when he was seven months old (completion of 
earlier surgery) and when he was fourteen months old (bowel 
obstruction requiring surgery). 
Age at diagnosis: In view of the CMV infection, he was tested 
on the auditory cradle at five and six weeks of age. Results 
suggested that a careful follow up was warranted. Subsequent 
tests indicated a significant degree of hearing impairment. 
Age at fitting of hearing aids: Andrew was fitted with hearing 
aids at nine months of age. His parents were advised to ensure 
that he wore them at all times if they wanted him to develop 
speech. At the present time, he is fitted with post-aural 
hearing aids. 
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Developmental History 
Language: Andrew's language development was delayed. He 
began using the CVCV canonical utterances mama - dada 
between eighteen and nineteen months; this stage of language 
development is normally reached at between 7-10 months. His 
language skills were poor in early infancy but improved 
significantly on starting to school. But the delay continued. 
Medical reports show that at five years of age his speech and 
language skills were equivalent to a chronological age of two 
and a half years. Andrew now has good speech skills. He 
enjoys language. He has good expressive speech and enjoys 
reading age-relevant books. 
Motor: Andrew showed some motor delay. He was able to sit 
unsupported at one year and walked at twenty months. By 
five years he was able to perform gross motor skills 
commensurate with his chronological age but was still unsteady 
and clumsy at times. Now he appears to have lost his 
clumsiness. He performs as a hearing child. 
Social: 
family. 
concern. 
As a baby, Andrew was not easily accepted into the 
Initially, fears for. his health caused considerable 
In fact his mother says that he was such a problem 
baby that she did not really feel a strong bond with him until 
he was about three years old. The hospital had stressed the 
need for him to wear his aids which Andrew strongly opposed. 
It was recommended that his hands be fastened to his sides to 
stop him removing them. This suggestion was implemented. 
His mother reports that Andrew was extremely demanding and 
that she was quite distraught throughout his early life. She 
considers that the only way she could cope with the 
enforcement of wearing hearing aids was by not really allowing 
herself to like the child. 
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Markides (1986), whilst showing evidence for a relationship 
between early fitting of hearing aids and speech intelligibility, 
cautions that the fitting of aids to a very small baby might 
highlight the handicapping condition and interfere with the 
parent-child bonding process. His cautionary note, however, 
centres round the concept that the parents may find the sight 
of the aids difficult to come to terms with. 
Andrew's mother was not concerned with the appearance of 
the aids on her child. It was the need to force her tiny child 
into complying with the wearing of the aids against his will. 
She did not like being the perpetrator of discomfort for her 
child. 
As Andrew grew older, he became more tolerant of the 
wearing of the prosthetic devices. He became less demanding 
on the family and his relationship with his parents and siblings 
improved. Now he gets on well with his family. 
He socialises well with his peers in the classroom. However, 
during playtimes and dinner times he is usually to be found 
talking with staff. Being deaf in a 'hearing' playground places 
limits on his acceptability. Unless he is in close proximity of 
the speaker, he can not hear when new rules are being 
negotiated and quickly loses the thread of the game 
requirements. He soon becomes forgotten. Not that the other 
children appear to treat him in any spiteful way intentionally; 
they simply forget, do not fully appreciate the problems he has 
when outside, away from the structured setting of the 
classroom. 
Education: A peripatetic teacher of the deaf visited Andrew's 
home twice weekly throughout the first two years of his life. 
The aims of these visits were to help his parents develop his 
understanding and use of language and speech. 
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At approximately three and a half years of age, Andrew 
started to attend a PHU. This provided him with peer 
experience and teaching by a speech therapist and qualified 
teachers of the deaf. He progressed significantly from this 
experience and was consequently accepted into mainstream 
education at five years of age. 
Currently, he performs comparatively well with his hearing 
peers but the head teacher is concerned that he may not be 
attaining his full potential. He receives special-needs support 
on two mornings of the week. The special-needs teacher is not 
specifically trained to work with hearing impairment. None of 
the teaching staff has previous experience of working with deaf 
children. All seem very willing to co-operate and make no 
objections to wearing a radio microphone. 
The head teacher is concerned that Andrew is not receiving 
sufficient special-needs support and that his social needs are 
not being fully met. She considers that a different educational 
setting, one which specialises in hearing problems may soon be 
more appropriate. 
Andrew's parents are sympathetic to this view, up to a point. 
They worry that their insistence on developing oral skills and 
'normal' development may not have been the right approach 
for their son. They are starting to come to terms with the idea 
that Andrew may well choose to join the deaf community as he 
grows older. 
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3.4 GARY 
Gary was born on 9.6.79 and was 11 years old at the start of 
testing. He is the second of three sons. 
Research Criteria 
Gary was selected for the in depth study because he met all the 
research criteria requirements. The results from these early 
tests suggested that his behaviour deserved further 
investigation. 
Hearing status: To be selected it was necessary to have a 
profound prelingual hearing impairment (Le., at least 95dB HL). 
Gary has a 105 dB HL in the better ear as assessed by the 
average across the 3 frequencies .5, 1 and 2 KHz. These 
measures are depicted graphically in the audiogram below 
(Figure 3.4: 1). 
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Non-Verbal IQ: Gary scored a first class grade (Grade 1) from 
the Raven's Standard Matrices, scoring several points more 
than required to receive this classification, suggesting that he 
has an exceptionally high IQ. 
Reading Age: At the time of testing, Gary was shown to have a 
reading age of 7:6. There were no anomalous scores across the 
subsets tested. In effect, for the score that he received, his 
understanding of vocabulary, syntax, sequences and 
comprehension were all equally weighted. However, all sub-
test scores are interpreted by the Edinburgh Manual as low. 
The Manual suggests that where all scores are 
straightforwardly low, as in this case, it is possible that the 
child's more basic skills are not sufficiently developed for a 
meaningful assessment to be made of the ability that the sub-
test seeks to measure. 
Chronological-Reading Age Discrepancy: At the time of testing, 
Gary's reading age was quite depressed in terms of the 
expected for his chronological age. He had a chronological-
reading age discrepancy of -3:6. It is well within the norm for 
profoundly deaf children to have a reading age depressed by 
about three years in comparison to chronological age as 
assessed by reading tests standardised for hearing children. So 
we can see that Gary's performance at this task is not as poor 
as first viewing might suggest but is nonetheless weak when 
taking his reasoning ability, evinced through the IQ test, into 
account. In both hearing and deaf school populations, IQ and 
reading skills correlate well. 
Medical History 
Pregnancy: Although healthy at the time of conception, the 
mother was generally unwell throughout the pregnancy. She 
was anaemic for the entire duration. At ten weeks gestation, 
the older son who was two and a half years old, developed 
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whooping cough. The mother considers that she developed a 
relatively mild form of the disease. Shortly after this, she had 
toxaemia. She was hospitalised about a month before the due 
date of delivery for two reasons. It was considered that she 
needed a rest before delivery and there had been no perceived 
movement of the baby. Labour was induced at the expected 
date of delivery. 
Neonatal problems: Gary was such a sickly baby that 
prognosis for survival was poor. He developed jaundice when 
he was two days old. 
Infancy: He was allergic to many things including dairy 
products. His mother breast fed him for 20 months. He still 
has major problems related to allergies. 
Hospitalisation: His parents suggest that perhaps because he 
was such a sickly baby, they did not consider anything to be 
wrong with Gary's hearing until he was about 13 months. By 
that age, they became more concerned about the probability of 
a hearing impairment. He was admitted to an army hospital 
(his father being in the army at the time) and treated for otitis 
media with effusions. 
Age at diagnosis and fitting of aids: When he was 17.5 months 
old, the family moved to a different area of the country. Gary 
was examined by the local NHS hospital and officially 
diagnosed as deaf. He was fitted with body worn aids. At the 
present time, he is fitted with post-aural hearing aids. 
Parents' reaction to diagnosis: Both parents were concerned 
that Gary's needs must be met. They did not state any adverse 
feelings for the child with regard to seeing him with hearing 
aids. They did consider that they would have liked to have 
received more information about the implications of deafness 
for their child and for themselves as parents of a deaf child. A 
survey by the National Deaf Children's Society (1987) found 
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that very few local authorities could provide adequate 
information for parents in terms of where to go or how to 
obtain relevant helpful guidance. 
Gary's parents positively encourage the wearing of aids and 
keep a regular check on the condition of them to ensure they 
are working as effectively as possible. 
Aetiology: No official explanation has been given for the 
cause of Gary's deafness. His mother is convinced that her poor 
state of health during pregnancy, and the possiblity that he 
was infected with whooping cough, were instrumental in the 
development of the sensory loss as well as his own poor state 
of health during very early infancy. It is possible that the 
impairment developed after birth. 
Developmental History 
Language: His parents consider that Gary babbled in the 
normal way during very early infancy. He did not however use 
the CVCV utterances such as mama-dada associated with the 
canonical stage of language development. The onset of the 
canonical stage, normally between 7-10 months, is critical 
because it represents the point at which infants produce 
mature phonetic sequences (syllables) that can function as the 
phonetic building blocks of words (OIler and Eilers, 1988). By 
about 18 months Gary had begun to mime his needs and make 
simultaneous vocalisations which his parents interpreted as an 
attempt to develop a spoken language spontaneously. 
Gary's speech is very poor. Around the home, he supports his 
communications with signing some of which is of his own 
invention rather than any of the recognised systems. He is 
generally most unwilling to write down what he is attempting 
to communicate. This can lead to very disjointed 
communication. 
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His family generally understand him. Sometimes, however, 
even they can not understood fully what he says. 
Motor: 
rolling 
All the major milestones in motor development (e.g., 
over, sitting up, walking etc.) were delayed. He was a 
clumsy infant.· He found problems in maintaining his balance. 
Now as, an older child, he tends to be clumsy. This annoys him. 
He comes from a very sporting family. 
Social: 
although 
Gary had no social problems when he was young 
he tended to play within the family circle i.e. with his 
brothers and is still inclined to do this. He is a boy scout and 
enjoys his involvement in the troop. Both parents are actively 
involved with the scouting movement, consequently the family 
is well known in the area. 
The family do not originate from the area. Gary's father has 
recently retired from the army. Throughout Gary's early 
childhood the family travelled extensively and moved house 
regularly to suit his father's postings. His father had retired 
from the army shortly before this study was started. 
When away from school, Gary can only communicate with his 
school friends indirectly through others. The family telephone 
is not fitted with a mini-corn system. 
Education: 
Cambridge. 
When he was 21 months the family moved to 
Gary attended a special nursery school. Here he 
and his parents were introduced to the Paget-Gorman signing 
system. Before they had mastered this system fully, the family 
had to go to a different area of Britain. 
Gary was placed in a PHU with children who had other 
handicaps. 
the school 
His parents found communication with the staff at 
very difficult. Gary's teacher was deaf and did not 
have intelligible speech. Communications were further 
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confounded by the fact that the new authority did not support 
the Paget-Gorman system. Here Gary and his parents were 
introduced to Signed English. He and his parents were 
confused by the new signing system. At this point, his parents 
became quite 
communication. 
years old when 
dissatisfied with signing as a medium for 
Gary remained in this PHU until he was 7 
once again the family moved to a new area. 
At 7 years of age, he was placed in a small school for the deaf 
where, although Total Communication was the educational 
medium, the main emphasis was on oral communication. His 
parents informed the school that they did not wish Gary to 
learn to sign. 
At 11 years of age, he graduated from this school to a PHU 
adjacent to a mainstream upper school in the county. Initially, 
his parents were reluctant to let him attend this school 
because, although Total Communication is the education 
medium, there is more emphasis placed on the importance of 
signing. Gary had qualified for a place at an out of county 
grammar school for the deaf. However, neither the county nor 
his family could provide the financial support for a boarding 
school education. The PHU was viewed very much as a second 
best option by the boy's parents. 
However, Gary has fitted in well. He enjoys the stimulating 
curriculum and is producing good work. His parents are now 
satisfied with the arrangement. They are beginning to see the 
value of a sign language for their son and are losing their 
hostile attitude to manual education. 
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3.5 CLAIRE 
on the 3.3.79 and was 11 years 7 months at the 
She is the younger of two daughters. 
Research Criteria 
Claire was selected for the in-depth study because she met the 
research requirements. Her behaviour is interesting. She is a 
gregarious girl and an eager communicator, yet her reading 
skills are very limited. 
Hearing Status: Claire has a profound prelingual hearing loss 
of 116 dB in the better ear as assessed by the average across 
the 3 frequencies .5, 1 and 2 KHz. Figure 3.5:1 shows these 
measures expressed graphically. 
Figure 3.5:1 
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Non-Verbal IQ: She scored a low average grading on the 
Raven's Standard Matrices Test (Grade -3). 
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Reading Age: At the time of testing, Claire had a reading age 
of 7:1. There were two sets of anomalous scores across the 
parameters assessed. Her knowledge of vocabulary was 
interestingly high for such an overall score; whereas her 
understanding of syntax was unusually low given the overall 
attainment score. 
According to the Edinburgh Manual, the unusually high score 
suggests that the girl's satisfactory vocabulary is held back by 
difficulties in other areas. Claire's ability across all aspects of 
syntax was generally poor suggesting that she has not yet 
grasped the essential coherence of a sentence. The manual 
suggests further that where such performance occurs, it is 
possible that the child is not yet at home· with written syntax 
and requires extensive practice in, and discussion of, the 
special features of written as distinct from spoken English. 
Performance in sequences and comprehension was within the 
norm expected; comprehension score was above the median, 
sequences below the median. 
Chronological-Reading Age Discrepancy: At the time of testing, 
Claire's reading age 
chronological age. 
discrepancy of -4:6. 
was very depressed in terms of her 
She had a chronological-reading age 
In effect, Claire has poor reading skills. 
Medical History 
Both parents were healthy at the time of conception. 
Pregnancy: The mother experienced no problems during 
pregnancy. The delivery, although ten days overdue, was 
normal. 
Neonatal problems: No problems were diagnosed. However, 
from very early days, the parents were concerned about 
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Claire's apparent lack of response to sound. Their family GP 
did not share their concern. 
Hospitalisation: At 13 months Claire suffered from a viral 
infection for which she was hospitalised. 
Age at diagnosis: During her confinement in hospital, deafness 
was officially diagnosed. As stated earlier, her parents had 
been suggesting this as a possible problem. It is probable that 
for thirteen months Claire had been receiving little or no sound 
input. 
Parents' reaction to diagnosis: Both parents reported 
experiencing a sense of relief at the initial diagnosis. They had 
realised that something was wrong with their child. 
Aetiology: No definite cause of the sensory loss could be 
established. The hospital suggested that contact with rubella 
during the early stages of pregnancy was the most likely cause. 
Age at fitting of hearing aids: Although her parents had been 
fairly sure that Claire had a hearing problem, which was 
subsequently confirmed by the general hospital when she was 
13 months old, hearing aids proper were not fitted until she 
was approximately 3 years old. The mother could offer no 
reason for this delay in fitting of aids. Initially, Claire was 
prescribed a phonic ear which was superceded by the hearing 
aids. Now she is fitted with post-aural hearing aids. 
Developmental History 
La n g u age: From early infancy Claire made noises 
spontaneously which were interpreted by her parents as 
attempts at speech. She did not, however, utter the CVCV 
canonical speech (e.g., mama-dada) associated with early 
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normal development. She did not learn speech until she 
started to school where she received formal speech training. 
Claire's speech is very poor but her BSL skills are excellent. 
Consequently, within the deaf community and her immediate 
family she is able fully to convey and receive ideas. In effect, 
Claire has experience of using a structured language and the 
subcomponents of it. When she is communicating with non-
signing individuals, she is willing to write down unidentified 
comments if necessary. 
Motor: Although she did not really crawl, motor development 
was normal and showed no delay. Unlike many profoundly 
deaf infants, Claire showed no signs of clumsiness. Now she 
excels at athletics. 
Social: Claire had no social problems when she was young. 
She was accepted by the children in the area and at the local 
school. Now, as she grows older and requires more involved 
communications with her peers, she is frustrated by her 
inability to communicate orally and much prefers to socialize 
with the deaf community. 
The family telephone is fitted with a mini-com system. This 
system is linked to the ordinary telephone but works using a 
keyboard. Messages are written by the sender and read by the 
receiver rather than spoken and heard as with the usual 
telephone system. This is an emancipating piece of equipment 
which provides the girl with the wherewithal to undertake 
private 'conversations' with friends at a distance. 
Education: Once a diagnosis of deafness had been confirmed, 
Claire began to attend a nursery and special-needs support was 
provided, including home visits. On reaching school age, she 
attended the local mainstream primary school and remained 
there until she was 7 years old. The head teacher and LEA 
were concerned that the school lacked the facilities necessary 
to maintain a reasonable standard of education for Claire. 
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It was decided to send Claire to a school for the deaf. At this 
stage the school was offering a Total Communication education 
programme which it was considered would be more useful to 
Claire since she lacked oral skills. She has remained at the 
school ever since and is now in the upper college. 
As far as they are able, the school adheres to the programme 
set by the National Curriculum. However, teachers' 
expectations of academic performance, for pupils, tend to be 
relatively low. 
3.6 KAREN 
Karen was born on the 25.5.79 and was 11 years 5 months at 
the start of testing. She has one younger brother. 
Research Criteria 
Karen was selected for the in-depth study because, from initial 
reports provided by the school, she appeared to meet the 
research requirements. Several tests had been conducted 
before an interview with her parents provided conflicting 
evidence with that of the school in terms of onset of deafness. 
Karen had developed some good speech patterns before she 
became deaf. Her speech now is very poor. She has major 
problems with voice quality. 
It was considered best to continue with the testing in that the 
data produced might provide a useful comparison for that from 
the other prelingually deaf subjects. 
Hearing Status: Karen has a profound binaural hearing loss of 
at least 120dB in the better ear as assessed by the average 
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across the 3 frequencies .5, 1 and 2 KHz. Figure 3.6:1 shows 
these measures depicted graphically. 
Figure 3.6:1 Pure Tone Audiogram Chart. 
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Non-Verbal IQ: Karen scored a low average grading on the 
Raven's Standard Matrices Test (Grade -3). 
Reading Age: At the time of testing, Karen had a reading age 
of 7:0. There were no anomalous scores across the 4 subsets 
tested. All subsets scored the same standard rating with the 
exception of sequences which received a higher rating. 
The Edinburgh manual describes the scores across the subsets 
as low. Such low scores may suggest that the child's more 
basic skills are insufficiently developed for a meaningful 
assessment of the skills the subsets seek to measure. 
Chronological-Reading Age Discrepancy: At the time of testing, 
Karen's reading age was very depressed in terms of her 
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chronological age. She had a chronological-reading age 
discrepancy of -4:5. In effect, K. has poor reading skills. 
Medical History 
Karen had no sensory impairment at birth or in early infancy. 
At 28 months, she was involved in an accident and sustained a 
fractured skull. The symptoms still persisted after 5 days (the 
usual term for onset of healing in young children). 
Hospitalisation: She was admitted to hospital and further x-
rays revealed a tiny hole in the skull which had been missed 
by the earlier assessment. It was necessary to perform an 
operation to cover the hole. A few weeks later she developed 
meningitis. 
Age at diagnosis: By 30 months, her parents were convinced 
that Karen was deaf. This was due to two main reasons: she 
did not respond to sound if the noise source was out of her 
vision range and her speech output was deteriorating rapidly 
in both quantity and quality. They reported their concerns to 
the GP. He considered there was no hearing problem. 
The parents continued to press for help. Karen's hearing was 
tested using the distraction method at 33 months. She passed 
this screening test. At the end of the test, Karen's mother 
argued with the testers that the child had responded to the 
movement of the shadow cast by the 'unseen' tester rather 
than the noise she had produced. This idea was discredited, by 
both the health workers and the doctor, on the grounds that 
Karen was too young to have developed such a strategy. 
Her parents report that they demanded to see a specialist and 
that this request was refused by their GP who suggested a 
compromise. It was arranged through the GP for a peripatetic 
teacher of the deaf to call at Karen's home to observe her in her 
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normal environment. Following a 6 week observation period, 
the teacher concluded that Karen appeared to behave as if she 
could not hear. 
Karen was diagnosed as deaf at 36 months. 
Parents' reaction to diagnosis: Both parents reported 
experiencing a sense of relief that at last someone had listened 
to them but also a sense of extreme anger that they had had to 
resort to aggressive behaviour to get the authorities to 
recognise their child's problem. They were pleased that now 
Karen would start to get the remedial help she would need. 
However, they were aware that they had no knowledge of 
deafness or the best way to care for a deaf child. Initially, they 
felt like they were the only parents of a deaf infant. Karen's 
mother came to know a local family who had a deaf child. The 
two families started a parents support group. 
Aetiology: The doctors who treated Karen for meningitis 
considered that that was not likely to have been the cause of 
her deafness. The parents may have forgotten or were not 
given, any explanation for this opinion. It is possible that 
Karen responded well to treatment by drugs which are not 
usually ototoxic. 
The doctors were unable to provide a definite explanation for 
the cause of her deafness. It was generally considered that the 
deafness may have resulted as a defense mechanism against 
the trauma of the accident. This diagnosis still holds. 
Age at fitting of hearing aids: Karen was fitted with body 
worn aids at 3 years 4 months. Except within the confines of 
the school, where all children wore aids, she strongly objected 
to wearing them. Her parents positively encouraged the 
wearing of them. She was fitted with post-aural hearing aids 
93 
Chapter 3 
at 5 years 6 months. She welcomed these aids and wore them 
much more willingly. 
Now she is fitted with post-aural hearing aids but wears them 
much less willingly. Except at school, where the wearing of 
aids is enforced as much as possible, she wears only one or 
neither of her hearing aids. Karen argues that she does not get 
any or very little benefit from wearing them. 
Developmental History 
La n g u age,' Karen was developing language skills 
commensurate with a child of her age before her accident and 
subsequent illness. 
As she began to recover physically from her injury and illness, 
it became apparent to her parents that her speech output, in 
terms of quantity and quality, was deteriorating. This process 
of deterioration continued. 
Her speech is now very poor especially in terms of voice 
quality. She produces exceptionally high pitch sounds which 
contribute in no small way to her relatively unintelligible 
speech. The girl is becoming more aware of, and concerned 
about, her poor voice quality. This concern is being addressed 
by the school's speech therapist. 
Karen is not dependent on her speech output for 
communication. She has an excellent grasp of BSL and so has 
experience of a structured language and the subcomponents of 
it. Within the deaf community and her immediate family she is 
able to communicate on a sophisticated level. 
Mot 0 r,' Karen had developed good motor skills before her 
accident. Once she recovered from the physical effects of the 
accident and illness, she showed no signs of motor problems. 
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Social: The girl has no social problems. She is generally happy 
at home and school. Karen likes to be independent. She uses 
public transport to visit friends. 
The family telephone is fitted with a mini-corn system which 
enables Karen to keep in touch with her deaf friends when she 
is away from school. 
Education: When she was 3 years 6 months, Karen began to 
attend a nursery and special-needs support was provided, 
including home visits. The LEA (London area) firmly supported 
the oral approach to education. 
At home, Karen and her parents found they needed to use 
gesture to understand one another. The staff at the school 
tried to discourage this activity but Karen' s parents felt they 
wanted to be able to communicate fluently and spontaneously 
with their child in the home environment. They could achieve 
this only by using gesture. 
The girl's mother was concerned about her daughter's future in 
terms of communication. Shortly after Karen started at the 
nursery, her mother visited an upper college for older deaf 
children. Here she learned that most profoundly deaf children 
do eventually have to learn to sign if they want to be able to 
communicate on a level commensurate with their 
developmental age. 
Karen's family decided that she and her mother ought to learn 
how to sign using a well structured recognised system rather 
than the ad hoc method they were already using. The head 
teacher at K.'s school advised against their learning signing but 
the family went along with their plans. Between the age of 6-9 
years, Karen was taught using the oral system of education at 
school but used signing at home. 
95 
Chapter 3 
When she was 9 years old, the family moved north. Karen 
began to attend the same school for the deaf that Claire 
attends. At this stage the school was offering a Total 
Communication education programme which gained the full 
support of Karen and her parents. She has remained at the 
school and is now in the upper college. 
3.7 SIMON 
Simon was born on 12.1.79 and was 11 and a half years old at 
the start of testing. He is the eldest of three sons. 
Research Criteria 
Simon was selected for the in depth study because from initial 
information, he met all the research criteria requirements and 
also has relatively good language skills. The results from the 
screening tests suggested that his behaviour deserved further 
investigation. 
Hearing status: Simon has a 102 dB HL in the better ear as 
assessed by the average across the 3 frequencies .5, 1 and 2 
KHz. These measures are depicted graphically in the 
audiogram below (Figure 3.7:1). 
Non-Verbal IQ: Simon scored a high average grade (3+) from 
the Raven's Standard Matrices. His score was just one point 
short of that required for the next grade which is classified as 
definitely above average. In effect, he has a very high average 
nonverbal intelligence. 
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Reading Age: At the time of testing, Simon was shown to have 
a reading age of 8:9. The subtest are all within the expected 
deviation and there is some variability of performance. His 
best score relates to sequences; his worst to syntax. 
The fact the subtest scores contain no anomalous ratings, and 
no scores classified as 'low scores', suggests that Simon's 
reading skills are developing in a balanced way. 
Chronological-Reading Age Discrepancy: At the time of 
testing, Simon's reading age was depressed in terms of his 
chronological age. He had a chronological-reading age 
discrepancy of 2:9. It is within the norm for profoundly deaf 
children to have a reading age depressed by about three years 
in comparison to chronological age as assessed by reading tests 
standardised for hearing children. Simon's reading skills are 
therefore quite well developed. 
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Medical History 
Pregnancy and neonatal problems: 
experienced no problems during the pregancy 
born a healthy baby. 
Simon's mother 
and Simon was 
Infancy: At 16 months Simon developed meningitis. 
Hospitalisation. He was hospitalised when he developed 
meningitis and his parents were warned of the possible 
sequela. 
Age at diagnosis: He was officially diagnosed as deaf when he 
was 22 months old. 
Parents' reaction to diagnosis: His mother was very reluctant 
to accept the diagnosis. She was sure in her own mind that he 
was not deaf. Perhaps because of his earlier experiences with 
the sound environment, he may have continued to behave, at 
least to some extent, as a hearing child. 
Aetiology: Meningitis is cited as the cause of Simon's 
deafness. 
Age at fitting of hearing aids: Once the diagnosis was 
confirmed, aids were fitted. Simon's mother reports that she 
positively encouraged the wearing of aids but that she felt 
resentful of his need to wear them. He is now fitted with post-
aural hearing aids which are worn willingly and are well 
maintained. 
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Developmental History 
Simon had developed very little speech before his 
Motor: He did not experience any motor problems. He had 
passed the major milestones (i.e., sitting unaided, walking) 
before he became deaf. 
Social: He had no socialising problems when young. Now he 
tends to play with his brothers or friends who live nearby. He 
has joined the local Deaf Club where he meets up with other 
deaf children and one of his school friends. There is no mini-
corn system in his house so he can not maintain contact easily 
with his school friends. He lives about 12 miles from his 
school. 
Education: When Simon was 3 years old he joined a nursery 
school for hearing impaired children. He worked through their 
system from the nursery through primary school. His work 
and application showed him to be an able pupil. 
As with Gary, Simon was offered a place in the same Grammar 
school for the deaf but neither the county nor his family could 
financially support this form of education. Simon's parents 
were concerned that the PHU to which Simon had been 
allocated placed too much emphasis on signing as a 
communications medium. His parents wanted Simon to be 
educated in an oral environment. 
They fought a bitter battle in their attempts to get the 
necessary finance to send him to the grammar school. This 
culminated in Simon being educated for one year by his 
parents at home. Neither of his parents has teaching 
qualifications. His mother became very concerned that Simon 
was not receiving an adequate education but the local authority 
did not reverse its decision. His mother had a nervous 
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breakdown following which the parents decided that they must 
relent and send Simon to the PHU. 
Initially, perhaps because of the hostility shown by his parents 
to the school, Simon did not enjoy being educated in the PHU. 
He was a little uncooperative. As he got used to the school, and 
began to enjoy the company of the other pupils, he settled in 
well. Now he is performing well at his studies. The PHU is 
adjacent to a mainstream school. 
3.8 THOMAS 
Thomas was born on 14.8.78 and was 11:10 at the start of 
testing. Various factors, undetected before selection, make him 
an unsuitable candidate for some parts of the study. From 
early reports, it was understood that he developed a hearing 
loss following an accident in very early infancy. It was 
discovered later, however, that the 'accident' occurred through 
parental abuse. It is possible therefore that he may have 
undergone psychological as well as physical neglect which may 
have affected language performance. The main problem arose 
however with the need for out-of-school-hours testing. 
Thomas's guardian felt unable to co-operate with the change in 
procedure. 
Research Criteria 
Thomas was selected for the in depth study because he met all 
the research criteria requirements. He has relatively good 
speech skills. The results from the early tests suggested that 
his behaviour deserved further investigation. 
Hearing status: Thomas has a 101 dB HL in the better ear as 
assessed by the average across the 3 frequencies .5, 1 and 2 
KHz. Figure 3.8:1 shows these measures depicted graphically. 
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Non-Verbal IQ: Thomas scored a low average grade (-3) from 
the Raven's Standard Matrices. 
Figure 3.8:1 Pure Tone Audiogram Chart. 
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Reading Age: At the time of testing. Thomas was shown to 
have a reading age of 8:0. There were no anomalous scores and 
some variability in performance was evident. However. he 
obtained low scores for vocabulary and comprehension. 
Chronological-Reading Age Discrepancy: At the time of 
testing. Thomas's reading age 
terms of his chronological age. 
age discrepancy of 3:10. This 
relatively poor reading skills. 
was somewhat depressed in 
He had a chronological-reading 
result shows that Thomas has· 
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Medical History 
Thomas's mother died when he was young. His guardian could 
provide only little information on Thomas's medical history. 
Age at diagnosis. and aetiology: His guardian reported that at 
approximately 24 months, 
Meningitis developed 
diagnosed. 
Thomas was involved in an accident. 
subsequently and deafness was 
Age at fitting of aids: His guardian thought that Thomas was 
fitted with hearing aids shortly after the diagnosis. At the 
present time he is fitted with post-aural hearing aids. 
Developmental History 
Language: Thomas's guardian thought that he had developed 
some speech before the accident. Now his speech is relatively 
intelligible. 
Motor: There 
development. 
problems now. 
is no information on Thomas's early motor 
He appears to have no noticeable motor 
Social: His guardian reports that Thomas was prone to 
behaviour tantrums in infancy. He did not socialise well with 
his peers as a younger child and still has some problems. He 
has developed a tendency towards delinquency. He lives in a 
nuclear family environment and appears to relate and refer to 
his guardian as if she were his mother. 
Education: As a younger child he attended a nursery school 
for hearing impaired children. In this nursery, speech therapy 
and sound and rhythmn awareness lessons are all part of the 
curriculum. Now he is educated in the same PHU as Gary and 
Simon. 
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SUMMARY 
Six children have been described and were selected to 
participate in this study.and an explanation for why four only 
were able to undertake all tasks has been provided. Factors 
known to be related to language learning and speech were 
assessed. These include non-verbal IQ, intelligibility, literacy 
skills, immediate memory span, rhyme judgement, speech 
discrimination and speech production. Phonological awareness 
appears to be an important variable in the use of English 
language. 
In order to investigate aspects of the children's use and 
development of phonology, they were tested in a variety of 
ways. Chapters 4-7 of the study concern the use of phonology. 
Chapter 4 reports the results of the investigations of 
intelligibility; Chapter 5 deals with spelling skills; Chapter 6 
provides measures of immediate memory span; and Chapter 7 
documents the results of the assessment of rhyme judgement. 
Chapters 8 and 9 concern the development of phonological 
awareness. Chapter 8 provides a detailed account of the 
children's ability to discriminate speech; and Chapter 9 reports 
the results of the investigations of speech production. The 
findings are discussed overall and an explanatory model 
provided in Chapter 10. 
103 
CHAPTER 4 
4. Use Of Phonology 
4.1 Speech Intelligibility 
4.2 Factors affecting assessment of 
intelligibility 
4.3 Test 1: Identification of Words in Isolation 
4.4 Test 2: Identification of Words in 
Connected Speech 
4.5 Intra-Subject Analysis of Tests 1 & 2 
4.6 Conclusions 
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4 • USE OF PHONOLOGY 
INTRODUCTION 
The emphasis within the introduction to this research is the 
importance of phonology for various linguistic skills. Hearing 
children have mastered spoken language before they start to read 
and write. Skilled reading involves the ability to decode printed 
words, and to use higher order mental processing, to construct 
meaning from text. By the time the normal developing hearing 
child starts to read, the necessary higher order processes will have 
developed, at least partially, through interaction with experienced 
language users. They will have an internalised structured symbol 
system (oral language) on to which an orthographic code may be 
mapped. 
Historically, the concept of deaf children developing phonology was 
discounted on the basis that phonological awareness was 
understood to be sound based only. Two conflicting views, on the 
relationship between reading and phonology, were nurtured by the 
knowledge that deaf children tend not to have good reading skills. 
One, access to phonological information is crucial to reading hence 
the low reading levels of deaf children. Two, access to phonological 
information is not crucial to reading which explains why some deaf 
children achieve good reading skills. Both theories may be partly 
true but equally both seem to misunderstand the concept of 
phonology. Hanson (1989) argues that the idea of deaf readers 
lacking access to phonology confuses a sensory deficit with a 
cognitive one. She proposes that phonological units of language are 
not sounds but are a set of meaningless primitives out of which 
meaningful units are formed. 
Frith (1980, 1985) produced a model for reading development, 
suggesting that reading strategies develop in stages. In the first, 
logographic, stage children learn to recognize the visual pattern of 
words. In the second, alphabetic, stage they begin to recognize 
grapheme-phoneme correspondence. By the third, orthographic, 
stage they have a sophisticated understanding of the orthographic 
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structure of English and are able to analyse words into orthographic 
units without graphemic-phonemic translation, reducing the mental 
effort involved in the whole reading process. The earlier abilities 
are retained and can be used appropriately. Pattern recognition is 
essential for the reading of words with highly irregular spelling. 
Graphemic-phonemic translation is required for the reading of 
unfamiliar words. Without the latter processing skill, the reader 
will experience great difficulty in establishing a large reading 
vocabulary. 
However, studies of developmental dyslexia and dysgraphia 
(Campbell and Butterworth, 1985; Funnell and Davison, 1989) show 
that it is possible for hearing individuals to learn to read and write 
English to a sophisticated level without using grapheme-phoneme 
translation. Learning to read in this manner is, however, slow and 
laboured. The subjects of these studies were significantly delayed 
in initial reading skills. Also they are unable generally to read 
unfamiliar words without a clear spoken example. So for their 
reading vocabulary to develop, they are dependent on others. It is 
probable that such subjects are able eventually to learn to read 
because all other linguistic information is intact and stable. This is 
of course not the case with deaf children. 
Hearing good readers are shown to be more susceptible to the 
phonological similarity effect (for a more detailed explanation see 
Chapter 6) than hearing poor readers. This is taken as support for 
the hypothesis that good readers are the more phonologically aware 
(Liberman, Shankweiler, Liberman, Fowler and Fischer, 1978; Siegel 
and Ryan, 1988). It is also accepted as showing the importance of 
phonology to reading skills. However, other studies have not found 
this differentiating effect (Algeria, Pignot and Morais, 1982; 
Johnston, 1982; Bisanz, Das and Mancini, 1984). Thereby 
undermining the importance of the articulatory loop and phonology 
in reading. 
Goswami (1993), arguing against the model approach, proposes that 
reading development is an interactive developmental process in 
which phonological knowledge affects orthographic knowledge 
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which then advances phonological knowledge. She agrees with the 
evidence that suggests that children do not use grapheme-phoneme 
relations when they read. Nevertheless, as with the present 
research, she argues for the importance of phonological awareness 
to reading. Goswami and Bryant (1990) argue that the salient 
phonological units for young children are onset and rime (for a 
more detailed explanation see Chapter 7). They propose that the 
phonological skill children bring to reading and writing is the 
ability to separate a word into its onset and rime and the 
recognition that words can be categorised according to these 
features. 
What is clear from such theories is that, whether or not it plays the 
leading role, and whether or not grapheme-phoneme 
correspondence is more or less salient than onset and rime, 
phonological knowledge appears to be important in the 
development, and sophisticated use, of English language. This is not 
surprising considering that, even though at times the link is 
tenuous, written English generally relies on graphemic-phonemic 
correspondence. 
The deaf child is likely to start reading with a very limited 
knowledge base, inadequately developed cognitive and linguistic 
skills, and little or no comprehension of English figurative language 
(Quigley and Paul,1984). If they have internalised language, it may 
not be in English form nor in aural mode. In effect, deaf children 
are likely to have problems with all processes of reading, decoding, 
inferencing and predicting. A speech-based recoding strategy may 
be important for the processing of written English more especially 
where auditory input is virtually absent or grossly distorted (i.e., no 
consistent adequate auditory imagery for reference). Silent 
articulation enhances the retention of information in working 
memory (e.g., Baddeley, 1986). Webster (1986) suggests that the 
limitations of access to working memory because of the lack of 
inner speech may explain why deaf children experience difficulties 
with language-related activities. 
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Profoundly deaf children may internalise printed words by way of 
a visual, signed or speech-based analysis or by 
combination of these processes (Lichtenstein, 1983). 
using any 
Given that 
speech-based inner-coding accompanies improvement in other 
cognitive skills such as reading for comprehension (Conrad, 1979) 
and working memory capacity (Lichtenstein, 1983), it would seem 
that the child who can process written material using a speech-
based inner code has a brighter prognosis for linguistic skills 
development than the child who has not yet developed this ability. 
To reiterate, skilled reading involves the ability to decode printed 
words, and to use higher order mental processing, to construct 
meaning from text. The present study is primarily interested in the 
first of these reading processes: the ability to decode and recode 
English language at the phonological level. The studies reported in 
the following chapters investigate and assess what the children 
have in terms of phonology and how they may have developed 
phonological awareness. The present chapter investigates the 
children's speech intelligibility. 
4.1 SPEECH INTELLIGIBILITY 
If access to phonological information relies, in part, on articulatory 
events, it is probable that children with more intelligible speech 
will be more able to use phonological processing. Studies show 
relationships between use of phonology and intelligibility and use 
of phonology and working memory span (e.g., Campbell & Wright, 
1988; Conrad, 1979; Hanson, 1989; Lichtenstein, 1985). The 
children will undertake tasks to measure these and two other 
factors, spelling ability and rhyme judgement, to provide evidence 
of phonological awareness. It is predicted that the children with 
better reading skills also will have better phonological awareness. 
The first investigation is of the children's speech intelligibility. All 
normally developing hearing children produce good spoken 
language by about 4 years of age (Grunwell, 1980). By this age, 
most will use the grammatical rules of their language and have 
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developed a sufficiently mature phonological and phonetic code 
such that their speech is understood by listeners outside their 
immediate social circle. Preschool language development is a useful 
predictor of subsequent cognitive and reading ability in the hearing 
child population (e.g., Bishop and Edmundson, 1987; Rescarla, 
1989). Effective phonological memory correlates with vocabulary 
skills in young hearing children (e.g., Baddeley, Gathercole and 
Papagno, 1993; Gathercole and Baddeley, 1989). 
Articulatory problems in the hearing population are associated with 
reading difficulties (de Montfort Supple, 1986; Manning-Thomas, 
1983; Naidoo, 1972; Tansley and Panckhurst, 1981; Rutter, Tizard, 
and Whitmore, 1970). Articulatory problems are related to 
problems with auditory synthesis, or sound blending (Katz, Stovall, 
Manning, and Shaw, 1977; Mange, 1960). Auditory synthesis is 
considered essential to learning to read and can predict future 
reading attainment (Flower, 1977; Libermann, 1983; Newton and 
Thomson, 1979). Luria's (1970) model of how the cortex functions 
could be used to explain this behaviour. According to the model, 
the articulation zone borders the phonemic zone and overlaps it to 
some extent. Katz (1983), using Luria's model, concludes that 
because of the extensive inter-connections neurologically, 
disruption in the auditory cortex will interfere with the quality of 
information available for auditory visual integration and sound 
symbol relationship. So if auditory synthesis is an important 
element to the learning to read process and is related to 
articulation, it seems logical to suggest that children with a hearing 
impairment and poor articulation are more likely to experience 
problems with reading. 
Speech does seem to be important for language learning in the deaf 
population. Intelligibility is implicated in other linguistic skills and 
behaviours which influence reading skills. Conrad (1979) found 
that intelligibility related to reading skills and use of phonology 
which is important for auditory synthesis. Articulatory feedback 
may augment input from lip-reading and residual hearing in the 
development of phonology (Hanson, 1989; Pattison, 1986). Use of 
phonology is related to reading skills (Baddeley, Papagno and 
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Vallar, 1988; Baddeley and Wilson, 1988). Use of good expressive 
speech and phonology relate to working memory capacity 
(Lichtenstein, 1983). Working memory is related to reading skills 
(Lake, 1980). 
Frith (1980, 1985) proposes a normal model of reading and spelling 
development in which the use of phonological processing is 
implicated in both linguistic domains. Quigley and Paul (1984) 
suggest that much of the difficulty deaf children have with reading 
stems from experiential and linguistiC deficits incurred in infancy 
and early childhood. Pattison (1986) suggests that the acquisition 
of written language would be no problem for deaf children if the 
normal development of reading and writing was not necessarily 
dependent on spoken language. 
If these findings accurately reflect the situation, then the deaf child 
who has more intelligible speech will most likely be more 
linguistically able. It is predicted therefore that the children 
identified as better readers, Andrew and Simon, will obtain the 
higher intelligibility ratings. 
4.2 FACTORS AFFECTING ASSESSMENT .OF INTELLIGIBILITY 
Various factors can affect the assessment of speech intelligibility. 
The method of eliciting speech samples, the mode of presentation of 
the speech samples, knowledge of subject matter being presented, 
the relative experience of the assessing panel and the method of 
scoring can all affect assessment. 
Elicitation of speech samples: There are two main methods of 
eliciting speech samples: the oral reading and picture description 
methods. The former is simpler to administer but provides a 
reduced assessment score in relation to assessment by the latter 
(e.g., Markides, 1983). Ideally, casual conversational speech should 
be used for assessment being spontaneous and more natural than 
either of the above methods (Davis and Silverman, 1961) but in 
practice would impose formidable difficulties (Markides, 1983). 
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Because the speech of the children in the present study will 
undergo various methods of assessment, it was decided to 
administer the simpler, oral reading, method for this first 
assessment of speech. It is accepted that this method may not 
reflect an optimum score. 
Mode of presentation: Mode of presentation of speech samples for 
assessment can affect intelligibility ratings, audio-visual 
presentation being significantly superior to auditory only 
presentation (e.g, Mineter, 1982). However, practicalities in terms 
of economy of time and convenience to the schools, need to be 
considered when undertaking such an in depth study of children. 
Audio-tape recording children as they work provides more 
flexibility than video-tape recording. The only requirement for an 
audio-tape recording is a quiet room. The equipment involves very 
little effort in setting up and dismantling. In effect, the room can 
be used by others during non-taping sessions. Such considerations 
find favour with busy schools with little spare capacity. 
Furthermore, because the intelligibility tests were to be conducted 
at a relatively early stage in the study i.e., before the children were 
well acquainted with the researcher, it was considered that 
exposure to the rigour of video-taping may induce tension. 
Markides (1983) cautions against generating tension in the children 
because this can have an adverse affect on their speech. It was 
considered better therefore to use the auditory only presentation 
method because it is simpler to obtain. Again it is accepted that 
this method may not produce an optimum score. 
Knowledge of subject matter: Identification can be improved 
where listeners are aware of the subject matter being spoken 
(Markides, 1983). To redress the apparent imbalance of selecting 
methods which may not best reflect the child's ability, different 
conditions are to be presented within each test. One condition is a 
straightforward identification task, the other is accompanied by 
cues to subject matter. 
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Experience of panel: Because this study is questioning the concept 
of intelligibility as a measurement tool, it was decided to use 
inexperienced listeners. People who are familiar with the speech of 
deaf children may be more able and or more willing to classify 
sound targets than inexperienced listeners. Studies (e.g., Markides, 
1967; McGarr, 1980; Monsen, 1978; Thomas, 1963) have found that 
people who are experienced in the assessment of the speech of 
hearing impaired children are more able to understand such speech 
samples. Markides (1983) argues that such assessors tend to 
overestimate the intelligibility of hearing impaired children and 
that therefore it is necessary to use inexperienced listeners to 
obtain a realistic measure of intelligibility. 
Casual observations of inexperienced hearing children attempting to 
communicate with deaf children suggested that their attempts were 
more successful than those of deaf child inexperienced adult. This 
may be due to shared understandings of the type of conversational 
themes children of the same age use. It may also be due to the 
possibility that younger hearing children are less inhibited in their 
interactions with hearing impaired peers than hearing adults. For 
whatever reason, if this phenomenon is a real effect, using only 
adults assessors may be unsatisfactory. It seemed appropriate 
therefore to have two panels of inexperienced listeners, one adult 
and one peer panel. 
Scoring method: Different studies have used differing methods of 
scoring for intelligibility. For example Johnson (1939), used points 
out of ten for complete sentence comprehension at first listening, 
Markides (1980a) average number. of words identified expressed as 
a percentage of the total number of words produced and Conrad 
(1979) mean n umber of target words (embedded in sentences) 
identified. Markides (1983) argues that some of these methods 
(e.g., Conrad, 1979) may provide an underestimation of the child's 
speech intelligibility because of the restrictive method of scoring. 
It is suggested here that Markides argument may also apply, albeit 
to a lesser extent, to his own scoring technique i.e., using only 
number of words identified. It is widely accepted that deaf 
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children often do not sound out consonants, especially final 
phonemes. Where this occurs, coupled with no cues for subject 
matter, complete word identification is less likely even if the 
sounds actually produced are recognised. To enhance the 
assessment, the present study will measure intelligibility according 
to the number of phonemes accurately identified expressed as a 
percentage oi the· total number of target phonemes. 
Each child's oral reading output will be measured for intelligibility 
by two different types of test. One, monosyllables in isolation and 
two, selected words from read text (cloze procedure). In effect, the 
tests will provide samples of isolated and connected speech. 
There will be two conditions for the first test: a totally auditory 
presentation and an auditory presentation with written cues i.e., a 
random display of the target words spoken. There will be two 
conditions for the second test: a totally auditory presentation, after 
which listeners will make a subjective rating of intelligibility, and 
an auditory presentation accompanied with the verbatim text with 
deleted targets. 
4.3 TEST 1: IDENTIFICATION OF WORDS IN ISOLATION 
Two conditions are 
presentation only. 
METHOD 
presented. Condition 1 provides an auditory 
In Condition 2, the auditory presentation is 
supplemented by the inclusion of written cues. 
Subjects: All of the original 6 subjects were able to undergo this 
test. Although only limited information is available for Thomas for 
the majority of the study, inclusion of data obtained from this 
subject facilitates group analysis. This research argues against 
correlational studies which may obscure individual performance 
differences. However, it is necessary to know the relationship if 
any of judgement between panels. 
112 
Chapter 4 
Panels: There were two panels of judges. One comprised adults, 
the other peers. The average age of the peer panel was 10 years. 
Each panel had 4 female and 5 male members i.e. 9 members per 
panel. None of the panel members had any prior experience of the 
speech of deaf people. 
Each panel member judged the speech of 2 children. Each child's 
speech was judged by 3 members of each panel. Therefore, each 
child's sample of 6 words was judged for a total of 6 times across 
panels thereby providing 3 adult and 3 peer ratings. 
Materials: Several short recordings of the children reading from 
various written sources (e.g., their own writing, school text or 
reading books) were prepared as practice listening tapes and 
presented to the panellists before the first task only. This provided 
the panellists with an opportunity to experience the potential 
difficulties and raise any questions before the task proper. 
Test Stimuli: 15 monosyllabic words (see Appendix 4) were 
printed on individual white cards (14x9cms) using lettraset No. 714 
(96pt) letters. Each child was shown a copy of the words to be used 
and asked if they knew the meaning of, and how to say, each word. 
All words were easily recognised by the children and were within 
their speech knowledge. This was confirmed by their teachers. 
From the set of 15 words, 6 words were selected randomly for each 
child. These words comprise a sub-set in which 3 words are 
phonemically similar, they share the same rime with differing 
on sets (e.g., blue, zoo, two), and 3 words are phonemically 
dissimilar (e.g., tree, down, head). The children read aloud the 6 
words. Their speech was recorded, using a Bell and HoweIl tape 
recorder model 3196x. 
The words were presented with a 6 secs interval between each. 
The initial letter of the Child's name, dubbed on to the tape, 
precedes the first of the 6 words. This acts as an auditory cue for 
the start of the test. 
113 
Chapter 4 
PROCEDURE 
Before each test, all judges were given a preparatory talk in which 
the possible difficulty of the task was explained. They were asked 
to try to identify all sounds and write them down as either whole 
or part words, as appropriate. The children of the peer panel were 
offered the choice of either writing down or saying what they 
heard. Where the latter option was elected a transcript of their 
output was· prepared and read back for. agreement before 
continuing with the task. For both panels, where panellists wrote 
down their own responses, scripts were read back by the 
researcher before continuing the task to confirm recording accuracy 
and avoid any problems of transcription. 
Stimuli were relayed through headphones rather than free field to 
reduce problems of external interference and thereby hopefully 
enhance identification. 
Each panel member was played one of the short introductory tracks 
of connected read speech as spoken by the subject they would be 
subsequently assessing. 
The nature of the test dictated that presentation order was always 
condition 1 followed by condition 2. 
Each child's speech was judged by 3 members of each panel. 
Therefore, each sample of 6 words was judged for a total of 6 times 
across panels: 3 adult and 3 peer ratings. 
Condition 1. Auditory only presentation: Judges operated the 
tape-recorder themselves. After hearing the target word, they 
stopped the tape and wrote down or said what they had heard and 
then continued on to the subsequent target, maintaining the same 
procedure until the 6 words had been presented. Recording sheets 
were removed and clean ones provided for Condition 2. 
Encouraging feedback was given at all times. 
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Condition 2. Auditory and written word presentation: The cards 
bearing the 6 words spoken on the tape were placed in random 
order in front of the judges. Panellists were informed that each 
word had featured once only in the presentation but if they 
considered that they had heard two presentations of the same 
word, they should record it as such. 
RESULTS 
Condition 1. Words in isolation no cues: Each phoneme correctly 
identified and described as a percentage of the total target 
phonemes represented the initial score for this task. The mean 
percentage within the two panels was used as the panel 
intelligibility rating. The overall mean percentage across the two 
panels was used to provide an intelligibility rating. Table 4.3: 1 
shows the ratings for each subject within and across panels and 
rankings within panels. 
Table 4.3:1 
Intelligibility ratings 
~T~e~s~t~l __ c~o~n~d~it~io~n~I_:~w~o~r~d~s __ i~n~i~so~l~at~i~on~~n~o __ c~u~e~s~(p~e~r~c_en~t~aAge~~scores) 
Ss Peer Rank Adult Rank 2 Panels 
A 91 1 82 1 86.5 
T 51 2 67 2 59 
S 42 3 49 3 45.5 
G 28 4 33 4 30.5 
C 19 6 23 5 21 
K 22 5 17 6 19.5 
There is a significantly strong relationship between panel ratings 
for this task (r=O.94, t(4df)=5.68, p<O.OI) and no significant 
difference in actual rating levels (Mann-Whitney small sample case, 
Na=6, Nb=6, ns). This is in agreement with the Markides (1983) 
finding that there is a good relationship between ratings in 
homogeneous groups i.e., in this case, inexperienced· listeners. 
However, it provides no support for the suggestion that peers may 
be more able to understand speech output than adults. 
Only Andrew received a high rating for intelligibility for this task 
where no cues to redundancy were available. It is predicted that 
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Condition 2 will provide a more accurate measure of intelligibility. 
Speech is generally presented in contexts which facilitate 
redundancy. It is not usual to know the exact words spoken, as is 
the case in this condition. This condition was designed to provide 
the optimum measure of intelligibility. 
Condition 2. Words in isolation with written cues: Panel 
performance was rated using the same procedure as in Test 1 
Condition 1. Table 4.3:2 shows the intelligibility ratings within and 
across panels for word identification with written cues to aid 
perception and ranking within panels. 
There is now full agreement between panels in terms of ranked 
scores (see Table 4.3:2). As was predicted, the panellists found 
facilitation from the word cues such that each child's intelligibility 
rating, with the exception of Karen, increased. 
Table 4.3:2 
InteIIi gibiIity Ratings Condition 2: 
Words in Isolation + Written Cues (percentage scores) 
Ss Peer Rank Adult Rank 2 Panels 
A 100 1 100 1 100 
T 92 2 98 2 95 
S 65 3 82 3 75 
G 50 4 55 4 52.5 
C 36 5 40 5 38 
K 22 6 17 6 19.5 
It is now evident that with sufficient cues, Andrew's speech is fully 
intelligible and that both Thomas and Simon are at or above the 
75% intelligibility level. The degree to which a child's speech 
intelligibility increases with the inclusion of relevant cues is shown 
in Table 4.3:3. 
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Table 4.3:3 
Speech Intelligibility Ratings across 
Condition 1 and 2 and facilitation 
Ss I 2 
A 86.5 100 
T 59 95 
S 45.5 75 
G 30.5 52.5 
C 21 38 
K 19.5 19.5 
panels 
(percentage scores) 
facilitation 
+13.5 
+36 
+29.5 
+22 
+17 
none 
These results suggest that given cues all children, except Karen, are 
relatively more easy to understand. It will be interesting, 
therefore, to compare these ratings with those obtained from 
connected speech. Contextual cues in connected speech can 
facilitate redundancy. 
4.4 TEST 2: IDENTIFICATION OF WORDS IN CONNECTED SPEECH 
In general discourse, speech is not presented as isolated words. 
Words are connected into phrases and sentences and input as a 
stream of information. As stated earlier, contextual cues in such 
speech patterns can facilitate redundancy. Also individuals do not 
generally output words in isolation. It is possible that some 
children may have developed better speech patterns for strings of 
words than for words in isolation. Their speech may lack sufficient 
distinction for precise pronunciation of isolated words but may be 
sufficiently accurate for such words to be recognized within the 
context of a phrase or sentence. It is important therefore to assess 
the intelligibility of each child's connected speech output. An intra-
subject analysis will provide evidence of any gain to intelligibility 
through the more natural presentation method i.e., connected 
speech. 
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METHOD 
Two conditions: subjective rating of auditory presentation with no 
cues and identification of target words within read text 
Subjects and panels: All 6 subjects undertook this task. The same 
panellists, as in Test 1, judged the speech output but the speech 
samples they judged were not from the same subjects as the ones 
they had assessed in Test 1. 
Materials: For both Conditions, each child was recorded reading a 
short passage of text. The passages were chosen by their English or 
class teacher to meet the requirements of being well within the 
child's reading range, i.e., simple for them to read, and familiar to 
them. Each extract is presented in the Appendix 4.· 
Since different schools use different reading schemes, text familiar 
to one child is not so to another. It was decided to use text that 
would enhance each child's performance rather than standardise 
materials and present the same text to each. This procedure may 
confound inter-subject comparison but provides useful intra-
subject performance contrast. 
Questionnaire - Test 2 Condition 1: Panellists were presented with 
a short questionnaire (see Appendix 4) which required two 
responses as shown below. 
1) A brief description of the content of the passage or any words 
recognised and or remembered. 
2) Completion of an Intelligibility Rating, from an interval rating 0-10. 
A score of 10 describes the child's speech as completely intelligible. 
A score of 0 describes the child's speech as completely unintelligible. 
It was explained to the peer panel that the speech could be ticked 
as fully intelligible, if they could tell all of what was being said 
even if the words used were ones that they did not understand and 
even if they had had to guess at one or two words. They were told 
further that the speech could be ticked as completely unintelligible 
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if the sounds used did not sound like speech; if they were just 
noises. They were asked to think about these 2 statements and 
then decide how close the sounds they heard were to the 
statements. The children seemed to understand the nature of the 
task of marking the continuum. A spoken example of corrupted 
speech was provided by the tester which was rated by the 
panellists. All showed no problems with judging the speech. This 
was taken as evidence that they understood the task requirements. 
Cloze Text - Test 2 Condition 2: A written record of the text was 
presented in which ten words were deleted from the verbatim text 
and replaced with dotted lines. 
PROCEDURE 
Taped speech samples were relayed through headphones. There 
were two conditions: 1, read speech without text and 2, read 
speech accompanied by text with word gaps. Again it was 
necessary to present condition 1 first for all trials. As in Test 1, 
panellists controlled the tape recorder themselves. 
Condition 1: After listening to the taped passage, panellists 
completed the short questionnaire. 
The questionnaire was read to the peer panel, before presentation 
of the speech, and each requirement fully explained. Each child 
was given the option of writing or saying their answers. In cases 
where children opted to write their own answers, all targets were 
checked and agreed before completion to avoid any possibility of 
error through spelling-word mismatch. 
RESULTS 
Test 2 Condition 1: The first question 
designed to provide a measurement; 
panellists in their subjective judgement 
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Test 2 condition 1 provides only one measure: perceived 
intelligibility described as a rating from 0-10. Table 4.4: 1 shows 
peer and adult perceived intelligibility ratings within and across 
panels. 
Table 4.4:1 
Test 2 Condition 1 
Subjective ratings within and across panels 
Ss 
A 
T 
S 
G 
C 
K 
Peer 
80 
53 
30 
38 
9 
23 
Adult 
78 
62 
23 
15 
8 
2 
(percentage scores) 
Both 
Panels 
79 
57.5 
26.5 
26.5 
8.5 
12.5 
Test 2 condition 2: Panellists attempted to identify words or 
sounds for each gap in the read text. Initial scores are obtained 
from the correct number of phonemes identified expressed as a 
mean percentage of the total target phonemes. The mean 
percentage within each panel represents the panel intelligibility 
rating. The overall mean percentage across the two panels provides 
the overall intelligibility rating for this test. 
Tables 4.4:2 and 4.4:3 show results of within panel assessment. 
These tables also show comparative ratings, peer and adult 
respectively, within panels across the 4 test conditions i.e., Test 1 
conditions 1 and 2 and Test 2 conditions 1 and 2. Comparison of 
the mean percentage subjective panel ratings (Test 2 Condition 1) 
with the measured mean percentage sound identification (Test 2 
Condition 2) suggests that judgement appears to be somewhat 
incoherent within subjects but that overall comparisons between 
subjects show good agreement. These tables highlight intra-subject 
performance differences. All subjects obtained higher ratings for 
Test 1 condition 2. Arguably this was a simpler task. All targets 
were presented such that an element of guess-work could 
accompany perception more readily than in the embedded text 
task. However, in Test 2 condition 2, the panelist had some 
opportunity for guesswork in the sense that syntactical and 
contextual cues were available. Most panelists commented that this 
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was the more difficult task. Only those listening to Andrew and 
Simon reported being able to keep place with the speaker. 
For example, peer panellists (Table 4.4:2) perceive Gary to be 38% 
intelligible but are only able to identify 9% of the target sounds. 
This contrasts with their judgement of Simon whose speech is 
subjectively under-rated by 10% in comparison to identification 
score. There is, however, a significant relationship between the 
ranked scores (r=O.815, t(4df)=2.815, p<O.025) and no significant 
difference between levels. In effect, peers tend to agree on the 
rating of speech. 
Table 4.4:2 
Peer mean ratings across the 2 Tests 
(Percentage scores) 
Connected speech 
Test 2 Test 2 
Isolated speech 
Test 1 Test 1 
Cond.1(No 
cues) 
Ss Cond.1(No Cond.2 (Cues) Cond .. 2 (Cues) 
A 
T 
S 
G 
C 
K 
cues) 
80 
53 
30 
38 
9 
23 
69 
62 
40 
9 
16 
9 
91 
51 
42 
28 
19 
22 
100 
92 
65 
50 
36 
22 
Adult panellists are more consistent in the subjective judgement 
but tend to under-estimate intelligibility in comparison to their 
ability to indentify sounds. There is a highly significant 
relationship between the rankings of the two assessments (r=.951, 
t(4df)=6.15, p<O.OOI). 
Scoring method: To ascertain that correct number of phonemes, 
rather than correct number of words, identified obtains the 
optimum score, it is appropriate at this stage, of testing for 
intelligibility, to compare the above scores, from Test 2 condition 2, 
with those obtained from the same test by using the criterion of 
average number of words correctly identified and expressed as a 
percentage of total words produced across panels. 
these data must be treated with caution because 
targets involved between subjects. It would be 
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use data from Test 1 condition 1 since the actual target words are 
presented and therefore enhance whole word identification. 
Table 
Adult 
the 2 
A 
T 
S 
G 
C 
K 
4.4:3 
Mean Intelligibility Ratings Across 
Tests and 3 Conditions (percentages) 
Connected speech Isolated speech 
Test 2 Test 2 Test 1 Test 1 
Condition Condition Condition Condition 
1 (No cues) 2 (Cues) 1 (No cues) 2 (Cues) 
78 87 82 100 
62 79 67 98 
23 54 49 82 
15 20 33 55 
8 31 23 40 
2 13 17 17 
Using complete word identification in embedded text has a slight 
effect on the ranks indirectly appointed to subjects by the adult 
and peer panels (see Table 4.4:4). Andrew's generally higher scores 
usually result in a clear first rank position. From this assessment, 
however, Andrew's score is depressed such that he now shares 
ranking position, still first, with Thomas. Although Thomas has 
gained in rank position, the identification percentage representing 
his performance has decreased. For both the adult and peer panel 
Table 4.4:4 
Test 2 Condition 2 
Comparison of scoring methods: 
complete words and number of 
(percentage scores) 
Ss Words Sounds Test 
A 
T 
S 
G 
C 
K 
Test 2 2 
(Adult) (Adult) 
67 87 
67 79 
50 54 
13 20 
17 31 
13 13 
Words 
Test 2 
(Peer) 
63 
47 
27 
3 
13 
7 
sounds identified 
Sounds 
Test 2 
(Peer) 
69 
62 
40 
9 
16 
9 
Words 
Test 2 
2 Panels 
65 
57 
. 38.5 
8 
15 
11 . 
Sounds 
Test 2 
2 Panels 
78 
70.5 
47 
14.5 
23.5 
11 
adult 
cases 
assessment for complete word identification, only the 
assessment of Karen remains the same, in all other 
identification of complete words obtains a lower accuracy 
Performance comparisons, as scored by number of 
identified with complete word identification, suggests 
latter method does depress intelligibility as predicted. 
score. 
sounds 
that the 
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Table 4.4:5 
Intelligibility ratings (percentage scores) 
Ss A T S G C K 
100 95 75 52.5 38 19.5 
When both type of scores (complete word and number of phonemes 
identified) are combined across panels (see Table 4.4:4) and 
compared with the combined panel scores, it becomes evident that 
there is a significant decrease in identification of words to sounds 
(t-Test for related samples. t(5df)=4.14, p<O.Ol). These findings 
suggest that scoring using number of sounds, rather than number of 
words,- accurately identified may detect subtle differences in 
performance. 
4.5 INTRA-SUBJECT ANALYSIS OF TESTS 1 AND 2 
It is necessary to remember that the text used in Test 2 is not the 
same for each subject and that therefore any contrasts between 
subjects must be treated with caution. This potential confounding 
factor for inter-subject analysis will not present the same problem 
for intra-subject analysis. 
Whether or not subjects were judged to be similarly intelligible 
across the two different tests, Test 1 and Test 2, when knowledge of 
subject matter was provided (Le., condition 2 for both tests) will be 
addressed in the following analysis. Scores from Test 1 condition 2 
were compared with those obtained from Test 2 condition 2, using a 
student's t-Test for related samples. There was a significant 
difference (t(5df)=5.53, p<O.OI), suggesting that the inexperienced 
listeners were better able to identify the oral reading of 6 words in 
isolation with written examples of specific targets than the oral 
reading of 10 words embedded in text with a transcription of the 
text with blanks. All panelists reported finding the latter task more 
difficult. In effect, no support was found for the suggestion that 
some children might be classified as more intelligible in the second 
test i.e., the assessment of connected speech. 
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In the second test, only Andrew and Thomas's speech enabled 
panelists to reliably keep up with the script. The former test 
required far less of the listeners. They knew the exact targets used 
and these numbered only 6. If a child's speech output could not be 
identified in this relatively simple matching task then arguably, his 
or her speech may fairly be described as unintelligible. More 
importantly, there is a greater chance for targets to be identified 
and therefore a more optimistic score obtain. An optimum 
"Intelligibility Rating" to be used as a comparative measure against 
other behavioural measures, was obtained by using the mean total 
number of correct sounds identified, across panels, from Test 1 
condition 2. Table 4.4:5 shows the Intelligibility Ratings for each 
subject. 
4.6 CONCLUSIONS 
It was predicted that the children with the better reading skills 
would also obtain the better intelligibility ratings. There was some 
support for this hypothesis. Andrew, who has the smallest reading 
age-chronological age discrepancy, received the highest 
intelligibility rating and Gary, Claire and Karen, who have the 
greater reading age-chronological age discrepancies received the 
lowest intelligibility ratings. However, Simon, who has better 
reading skills than Thomas, was rated as considerably less 
intelligible than him. 
An inter-subject performance difference was established such that 
Andrew and Thomas are described as relatively intelligible, Simon 
and Gary as moderately intelligible and Claire and Karen as 
relatively unintelligible. It should be noted, however, that no 
subject was given a 'completely unintelligible' subjective rating on 
the rating continuum presented in Test 2 condition 1. This may be 
due to generosity on the part of the panellists but more likely 
because the children's speech output sounds more like language 
than noise. 
124 
Chapter 4 
Also a consistent intra-subject performance difference occurred. 
All were rated as considerably more intelligible in the test of words 
in isolation. This could be argued to be predictable because the 
task for the listener is relatively easier than the cIoze procedure of 
the second test. However, it was suggested that some children may 
have developed· better speech patterns for strings of words than for 
words in isolation. No support was found for this suggestion. In 
fact, the speech of four children could not be reliably followed in 
the second test, even when the written verbatim script 
accompanied speech. 
There was very strong agreement between panels as to which 
subjects were more intelligible. The only discrepancies occurred 
with Claire and Karen, the less intelligible subjects. It may be 
argued that these subjects probably perform similarly in terms of 
intelligible speech production. Claire is described by her teachers 
and speech therapist as having relatively intelligible speech which 
suggests that there is a wide discrepancy between experienced and 
inexperienced listeners in terms of subjective rating of 
intelligibility. However, it can be seen, from the scores put forward 
to represent the 'Intelligibility Ratings' for the present study (see 
Table 4.4:5), that Claire is rated more intelligible than Karen across 
panels. The factor of experience may not provide the whole 
explanation for such dissimilar judgement of Claire's speech. The 
method of elicitation, oral reading, is regarded as a poorer measure 
of intelligibility than spontaneous speech. 
The potential for scores to be depressed through elicitation method 
must be considered for all subjects. It is clear however that, under 
differing conditions, intelligibility ratings for oral reading, assessed 
by inexperienced listeners, vary. The fact that, under optimum 
conditions (i.e., where probability is limited by the random 
presentation of written copies of specific targets), Andrew is judged 
to be one hundred percentage intelligible by both panels, suggests 
that this method of elicitation can provide adequate assessment. 
Also it strengthens previous findings that knowledge of subject 
matter improves intelligibility. 
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The scoring method adopted for these tests (number of phonemes 
correctly identified) appears to be relatively sensitive for 
identifying performance differences. Furthermore, it provides a 
better description of skill than complete word accuracy. This may 
help to counter any depression of scores through using the oral 
reading method of elicitation. 
The studies cited in the introduction to this chapter, which have 
used measures of intelligibility to show relationships with other 
skills, are referring to comparative intelligibility. As with the 
present study, the majority of the better speakers were not fully 
intelligible; they were relatively intelligible in comparison to other 
deaf subjects. Measures of intelligibility, however, only show how 
well the speaker can be understood by the listener. They do not 
describe how, or if, the speaker can use his or her speech to 
augment other processes (e.g., in the use and possibly in the 
development of a robust phonology). 
Professionals and people who live or work with deaf individuals are 
often used to assess intelligibility. It is probable that they are more 
able to classify the speech output on a continuum because they 
have developed schema for such speech patterns. There were two 
tasks of major difference in the present study: direct intelligibility 
assessment (subjective rating on a continuum) and indirect 
intelligibility rating (identification of targets). The inexperienced 
listeners in the present study showed performance differences 
across these two types of task. Peers showed inconsistency in their 
subjective ratings, sometimes wildly overestimating performance 
whilst adults tended to underestimate performance. 
Such an assessment of speech output provides very limited 
information. It is possible that the children rated as having 
relatively intelligible speech from the previous studies (e.g., Conrad, 
1979; Lichtenstein, 1983) may have developed a consistent 
idiosyncratic language such that they are intelligible to familiars. If 
this is the case then it is argued here, and again later in this work, 
that a classification of intelligibility may be misleading. 
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An inability to produce intelligible representations of English 
phonology does not necessarily imply a lack of phonological 
awareness. So although most of the children in the present study 
lack full intelligibility, the possibility of their being phonologicaIly 
aware cannot be ruled out at this stage. The next chapter will 
assess the children's spelling ability. If a child has access to 
phonological coding this may be reflected in spellings of less 
familiar words. An assessment of spelling will provide further 
information on literacy skills and phonological awareness beyond 
the basic level of speech. 
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5. Literacy Skills: Spelling 
5.1 Spelling Test 
5.2 Individual Results 
5.3 Discussion And Conclusions 
Chapter 5 
5. LITERACY SKILLS: SPELLING 
INTRODUCTION 
The present chapter continues the investigation of phonological 
awareness by looking at the spelling skills of the children. A 
measure of each child's intelligibility and reading. age-
chronological age discrepancy has been obtained but how well 
can they produce written language in terms of spelling? How 
difficult is spelling to the child who has little or no useful 
hearing? The second question is addressed first by referring to 
the current models of spelling. The first question will be 
assessed when the children undertake a short spelling test. 
A dual-route model of spelling was proposed in the early 
1980's. This theory purports that there are two major routes 
for spelling: lexical and phonological (Ellis, 1982; Ellis and 
Young, 1988; Morton, 1980; 1989; Seymour and Porpodas, 
1980; Trieman, 1984). A word spelled via the lexical route has 
its orthography derived directly i.e., it is held in graphemic or 
semantic form. This route, however, does not permit the 
spelling of unfamiliar words. Spelling by way of the 
phonological route involves a transformation of the initial 
signal. The word is initially generated in phonemic form and 
then converted to graphemic form to be output. Use of the 
phonological route enables the spelling of unfamiliar and 
nonsense words. They can be generated on the basis of 
knowledge of sound pattern and graphemic conversion. The 
sophisticated speller also is aware of the orthographic rules of 
the language such that only orthographically acceptable 
alternatives will be used. 
Empirical support for the dual-route model in spelling comes 
from neuropsychological case studies of lexical and 
phonological dysgraphia (Beauvois and Derouesne, 1981; 
Shallice, 1981). Brain damage results in an inability to spell 
irregular known words (lexical dysgraphia) or an inability to 
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segment words into phonemes or to write letters in response to 
their sounds (phonological dysgraphia). 
Frith (1980, 1985) proposed a model of spelling development 
which encompasses use of the dual-route model. There are 
three stages to the model, each of which has two steps. During 
stage one, the logographic phase, the novice's writing consists 
of pattern reproduction. Spelling is advanced by reading skills 
i.e., as the child becomes more familiar with word patterns 
through reading, spelling becomes more possible. These skills 
are carried through to the next stage, the alphabetic stage. 
In the alphabetic phase, the child begins to recognise the 
grapheme/phoneme correspondence and the spelling of less 
familiar, regular, words becomes possible. During this stage, 
spelling strategies are leading reading skills. Eventually, 
recognition of the importance of phonology enhances reading 
performance. By the time the child advances to the third stage, 
the orthographic stage, logographic spelling and reading 
strategies have been augmented by those of alphabetic spelling 
and reading. 
The orthographic phase heralds a shift to a more sophisticated 
processing level where the child can read and spell familiar 
words using an economical strategy which recognises the 
orthographic units of word structure and thus enables the 
analysis of words without phonemic conversion. The latter 
strategy being reserved for less familiar or new words. 
There is, however, another way of interpreting the data from 
the neuropsychological findings which were instrumental in the 
initiation of the dual-route model. Rather than evincing that 
there are two independent routes to spelling, Barry (1992) 
argues that these findings show that the two routes can be 
separated. They do not show if the two routes normally 
function independently of each other. Barry and Seymour 
(1988) propose a single channel model of assembled spelling 
which recognises the existence of the two main routes to 
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spelling but sees them as functioning interactively rather than 
independently in normal development. 
This refinement to the 
for analogy in spelling. 
dual-route model is needed to account 
It is possible to use knowledge of the 
spelling pattern of one word to guide spelling of an unknown 
word. -. Evidence for _ this is __ provided by stlldie:s - showing the 
effect of priming. A word which is presumed to be processed 
by the lexical route can influence the spelling of a non-word, 
which needs to be processed by the phonological route, when 
presented immediately before spelling of the non-word 
(Campbell, 1983; Barry, 1992). 
Whether one accepts the dual-route or single-route model for 
spelling, it is clear that use of phonology has an important role 
in spelling and reading. Children who have not developed an 
adequate phonological code will have problems in developing 
spelling and reading strategies. 
Although deaf children can develop a useful phonology, it is 
probable that not all such children do. It is here that another 
potential problem for the linguistic performance of the deaf 
child can be detected. If the profoundly deaf child does not use 
an adequate speech-based recoding strategy, he or she will be 
trapped, to some extent, in the first stage of spelling, as 
proposed by Frith's developmental model, because the ability 
to recognise the grapheme/phoneme correspondence will be 
distorted or lacking. 
Group studies of deaf subjects (e.g., Hoemann et ai, 1976; 
Markides, 1976) suggest, however, that they tend to be better 
spellers than their reading ages would predict. This is 
surprisingly contrary to the expected pattern of behaviour as 
explained by Frith's developmental model, if we are to accept 
that some deaf children are trapped at the logographic phase in 
development. However, if the children are able to develop an 
apparent phonological code it is possible that their 
performances are in keeping with the early phase of stage two, 
130 
Chapter 5 
the alphabetic stage. Pattison (1986) found that hearing-
impaired children who are better spellers tend to use 
information that looks like phonology in their spelling. 
However, as she cautions, it is erroneous to view the deaf 
population as a homogeneous group in the way that group 
studies do. She argues that because the subjects vary in 
respect of reading, speech and short term memory, it is likely 
that they will vary in spelling strategies too. 
It is possible that, as 
influence spelling skills. 
between intelligibility 
regularity. 
with reading, speech output may 
Hanson (1989) found a relationship 
and sensitivity to orthographic 
It seems important therefore to obtain a measure of the levels 
of spelling ability for the children in the present study. 
However, conducting a spelling test with profoundly deaf 
children is considerably more difficult than with hearing 
children. The validity of dictated spelling tests used with 
hearing children, may be queried in that cues to spelling may 
be consciously or inadvertently provided by the sounds of the 
words spoken by the teacher (Pattison and Collier, 1992). With 
deaf children there are further problems with this type of 
presentation. 
Where deaf children require signing, either as a main 
communications medium or as a support for spoken English, 
spellings often feature as part of the sign. If a child is relying 
on aided hearing and speech-reading, then testing similar 
sounding words may lead to ambiguity. 
Pattison and Collier (1992) devised a picture spelling elicitation 
test for use with children. Words were selected from a set of 
vocabulary norms for six- to ten-year-old children. The list 
includes words containing consonantal clusters, silent letters, 
the same sound represented by different letters and the same 
letter(s) representing different sounds. The test has been 
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standardised such that average scores for different age groups 
up to 10 years 9 months have been computed. 
None of the children in the present study has a reading age 
above 9 years, so it was considered that this spelling test, with 
its standardisation ceiling at 10:9, would be a useful tool for 
measuring each subject's spelling age. It was predicted that 
the children with better reading and speech skills (measured in 
terms of intelligiblity), Andrew and Simon, would have spelling 
ages more commensurate with their chronological age than the 
children with poorer reading and speech skills. 
5. 1 SPELLING TEST 
METHOD 
Subjects and materials: By this stage, Thomas was no longer 
an active subject in this study so 5 subjects only, Andrew, Gary, 
Claire, Karen and Simon undertook this test. 
55 simple line drawings were presented in booklet form. An 
example is provided in Appendix 5. The correct spelling of the 
first picture target is provided in the appropriate place on the 
page. This serves as an example of the test requirements. 
Having already stated a reluctance to use line drawings with 
deaf children, a short explanation may be considered 
necessary. The spelling test devised by Pattison and Collier 
was readily available and considered to be highly valid because 
of the pre-construction assessment of words familiar to and 
used by young children. More importantly too is the fact that 
some of the words used may have proved difficult to produce 
in photographic form (e.g., sun, parachute). 
Finally, the teachers in all the schools associated with this 
research, who had access to the test, considered it to be ideally 
appropriate for assessing the children's spelling skills. 
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The test elicits simple regular monosyllables (e.g., sun), 
irregular monosyllables (e.g., swan), regular multisyllables (e.g., 
rabbit) and irregular multi syllables (e.g. monkey). Pictures are 
ordered randomly in terms of spelling difficulty. 
PROCEDURE 
Each child received a booklet and was asked to write the name 
of the picture on the line below each drawing. They were 
asked not to confer and told that they should attempt all 
targets even if they did not know how to spell the word fully .. 
They :-vere informed that there was no need to hurry. 
The test has a 30 minutes maximum time limit, designed such 
that it can be completed within one school lesson. 
GENERAL RESULTS 
Subjects completed the spelling test well within the allocated 
time span. 
Scores. All scores are out of 54. Data are analysed to provide 
a total score/54, spelling age and a description of error type. 
Spelling age and spelling age percentage accuracy: This test is 
standardised up to 10:0-10:9 requmng a spelling age 
percentage accuracy score of at least 73.42% to qualify for this 
the highest category. Spelling age is computed from total 
percentage accuracy including omissions but excluding 
misidentifications. Table 5.1: 1 shows total accuracy score, 
spelling age, spelling ag"e percentage accuracy and reading age 
for each child. All subjects have scored a spelling age which is 
more commensurate with their chronological age. In effect, all 
are better at spelling than reading. This supports previous 
findings (Hoemann et al, 1976; Markides, 1976). 
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Table 5.1:1 
Overall results: total accuracy score, 
seellinG ase: seeIlinG aGe % accurac! and readinG aGe. 
A G C K S 
scores/54 44 37 43 26 44 
spelling age 10:9+ 9:6-10 10:9+ 8-8:6 10:9+ 
spelling age % accuracy 83% 73% 81% 51% 85% 
readins ase 8:5 7:6 7:1 7:0 8:9 
The 3 subjects, Andrew, Claire and Simon, who obtained the 
highest possible spelling age for this test, and were therefore 
categorised as having a spelling age between 10-10:9, all 
scored percentage accuracies well above the baseline measure. 
Simon obtained 12% more accuracy than the baseline. It is 
most probable that all these subjects would obtain spelling ages 
considerably higher than this test can measure. As it stands, 
and for the purpose of this study, it is accepted that these 
children will be described as having a spelling age greater than 
10:9. 
Figure 5.1:1 
Spelling errors: 
5 
t 3 
... 
o 
targets and number per target 
targets 
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Misspelt targets: Out of the 54 targets, 32 words were 
incorrectly spelled overall (for word list see Appendix 5). The 
majority of these errors 20/32 (62.5%) had been misspelled by 
more than one child and 5/32 (15.6%) were incorrectly spelled 
by all the children in this study. For a breakdown of misspelt 
words see Figure 5.1:1. 
Errors are initially described in terms of error types before 
undergoing the detailed analysis as used by Pattison and Collier 
(1992). 
Error types: Error types include omission, misidentification, 
phonetically correct, phoneme (or letter) omission or 
substitution and phoneme (or letter) juxtaposition. Table 5.1:2 
shows number and error type for each child. The most 
common error was one of letter/phoneme omission and or 
substitution. 
Table 5.1:2 
Overall results: number and error type 
(Percentage scores in parenthesis). 
Error type A G C K S 
omission 
misidentification 
phonetically correct 
phoneme/letter 
juxtaposition 
phoneme/letter omission 
and or substitution 
0(0) 
3 (6) 
2 (4) 
1 (2) 
4(7) 
N.B. • Possible incorrect classification. 
2 (4) 
3 (6) 
0 (0) 
3 (6) 
9 (17) 
0 (0) 17 (32) 
1* (2) 3 (6) 
0 (0) 0 (0) 
3 (6) 1 (2) 
7 (13) 7 (13) 
Phonetic and visual accuracy: Every error was measured on 
its phonetic and visual accuracy as described by Pattison and 
Collier (1992). With this method eve ry error is ascribed a 
phonological/visual error score. This provided a- more 
objective view of each child's performance. The phonological 
and visual error scores are obtained as follows. 
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The phonological target score was obtained by counting the 
number of phonemes in the target word and adding this to the 
number of syllables. The phonological error score equals the 
number of incorrect graphemic representations of the 
phonemes in the word to which was added the number of 
syllables above or below the actual number in the target word. 
This total was then divided by the target score. 
The visual target score was obtained by counting the number 
of letters in the target word and adding to this the number of 
up-and down- strokes (e.g., [b]/[h] and [p]/[q] each have up-
and down-strokes respectively). The visual error score equals 
the number of incorrect letters to which was added the number 
of up- or down-strokes above or below the actual number in 
the target word. This total was then divided by the target 
score. 
Table 5.1:3 shows the overall results. These scores suggest that 
Andrew and Simon are as likely to make visual as phonological 
errors but in both cases errors were minimal. The other three 
children all produce errors which are more visually than 
phonologically correct. 
Table 5.1:3 
Phonological and Visual mean error scores 
!eroeortions~ 
Ss A G C K S 
Phonological .09 .35 .32 .37 .08 
Visual .09 .26 .28 .30 .08 
5.2 INDIVIDUAL RESULTS 
Similarities in performance can be shown by the number of 
words which have caused similar problems for more than one 
child. Andrew and Simon appear to be functioning at a similar 
level according to the findings in Table 5.1:3. Equally, from this 
analysis there appears to be little difference across the 
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performances of the other three children. Overall, however, 
the children show quite dissimilar performances. This will 
become clearer as the individual results are discussed below. 
Total accuracy score: 
accuracy). He attempted 
ANDREW 
Andrew scored 44/54 (82% total 
all words. 
Spelling age and spelling age percentage accuracy: Andrew 
appears to have a good grasp of spelling. He obtained an above 
average spelling age i.e., his score was superior to his 
chronological age at time of testing. Andrew obtained 83% 
accuracy, using the scoring method stated above, showing that 
he has a spelling age greater than 10:9. This test cannot 
provide more specific detail as to his actual spelling age. 
Spelling Error Types 
Omission: Andrew attempted all targets. 
Misidentification: Three targets were misidentified of which 
two were accepted spellings and one a very close 
approximation to the non-target: hook (anchor), telly 
(television) ribon (bow). 
Phonetically correct: Two words were phonetically correct: 
fether (feather) and sissors (scissors). 
Phoneme/letter juxtaposition: 
watch were juxtaposed: wacht. 
The final letters in the word 
Phonemelletter omission or substitution: Four words had 
phoneme/letter omissions or substitutions: elphant (elephant), 
kangroo (kangaroo), parchute (parachute) and zerbra (zebra). 
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SUMMARY (Andrew) 
Andrew may be guided by visual imagery of spelling pattern, 
by phoneme/grapheme conversion or by orthographic 
knowledge when attempting to spell. The fact that he obtained 
a high degree of accuracy and is susceptible to different kinds 
of errors, suggests that he has various strategies he can use to 
aid spelling. 
It is difficult to be certain whether phonological or visual 
analysis has been influential in such errors as 'kangroo' or 
'elphant'. It is possible that Andrew says or hears these words 
as he spells them (Le., phonological analysis) or that he has 
misremembered their complete structure (orthographic 
analysis); both 'words' are acceptable spellings in terms of 
orthographic structure. 
Certain English words draw more heavily on visual rather than 
phonological analysis. For example, the spelling of words with 
irregular spellings (e.g., watch, scissors) requires recall of letter 
sequence rather than phonological representation. Andrew 
was unable to spell either of these words. The former /watch/ 
suggested a logographic approach; the letters were juxtaposed 
to form a highly irregular English orthographic unit for end of 
word position/ .. cht/. 
According to Frith (1980, 1985), reading skills are initially 
superior to spelling skills in the last phase of her model of 
reading and spelling development. Andrew appears to have 
reached this stage of development in terms of spelling and yet 
his reading performance is considerably poorer than his 
spelling. He has a spelling age greater than 10:9 (conservative 
estimate) but his reading age is only 8:5. It is possible that, 
rather than suggesting that Andrew has good spelling skills, 
this discrepancy merely confirms the prediction of the 
Edinburgh Stage 1 reading test Le., that Andrew's adequate 
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vocabulary is being held back by other weaknesses associated 
with reading. 
His performance can be explained in terms of Frith's model of 
spelling. Because his reading age is comparatively low to his 
spelling age, it cannot be argued that reading knowledge is 
steering his spelling knowledge such as Frith proposes happens 
when the child has reached the third stage of spelling 
development. It is possible, however, that Andrew has not 
fully attained this stage; that he is still more committed to the 
first two stages. If this is the case then spelling is expected to 
be leading reading skills. 
His performance in this test, with only one error probably 
through logographic spelling of an irregular word, suggests that 
he is becoming quite sophisticated at spelling and that his 
awareness of orthographic structure is developing. Arguably, 
he is probably at the transitional stage between stages two and 
three. If the further advancement is dependent on increasing 
reading skills, it is possible that his spelling ability may show a 
tendency towards temporary stagnation until his reading 
performance improves. 
GARY 
Total accuracy score: Gary scored 37/54 (69% total accuracy). 
He attempted all but two words. 
Spelling age and spelling age percentage accuracy: Gary 
obtained 72.55% accuracy, using the scoring method 
above, showing that he has a spelling age of 9:6-10:0. 
stated 
This 
score is low in relation to his chronological age at time of 
testing but high in relation to his reading age. He obtained a 
reading age of only 7:6. 
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Spelling Error Types 
Omission: Gary omitted two words: parachute and aeroplane, 
both of which are relatively difficult words in this test. 
Misidenti/ication: 3 targets were misidentified: rocket, bow 
and needle. For the first of these targets, Gary wrote 'space 
ship' which was accurate in terms of spelling and semantics. 
For bow he wrote 'robb'. It is possible that this was an attempt 
to spell ribbon. For needle he wrote 'swing' which was 
probably an attempt to spell sewing. 
Phonetically correct: None of his spelling errors were 
phonetically correct attempts at the correct target. 
Phoneme/letter juxtaposition. 3 words had phoneme/letter 
juxtaposing errors: trian (train), penicl (pencil) and dargon 
(dragon). 
Phonemelletter omission or substitution: There were 9 
phoneme/letter omissions or substitutions: busket (bucket), 
athor (anchor), knite (knife), crown (clown), sistour (scissors), 
teivisen (television), ka (kangaroo), rai (rabbit) and castre 
(castle). The substitution of [r] for [1] in the spelling of castle 
could be construed as a phonological error. [r] and [1] are very 
close phonetically but castre is not strictly a phonetically 
correct attempt at the target. 
SUMMARY (Gary) 
Gary appears to be guided more by visual imagery of spelling 
pattern than by phonological skills when attempting to spell. 
Although there are errors which can be explained by both 
types of strategy. It is less likely that he has reached stage 
three in the Frith model of spelling. 
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His attempts at such words as train (trian), dragon (dargon) 
and pencil (peniel) strongly suggest errors of visual analysis. 
Gary has accurately recalled all letters, rather than phonemes, 
used but has misremembered the pattern sequence. Arguably, 
his attempt at the word pencil provides the strongest evidence 
for use of visual analysis as an aid to spelling. 
Although the words dragon and train are incorrect in terms of 
the targets and in terms of English words (Le., neither exists in 
the English language) both of these words follow recognised 
spelling patterns for English. The word dargon can be 
pronounced easily by analogy to such words as jargon. It may 
be argued that the pattern of 'i' before 'a' is an unusual one in 
English but this construction as used by Gary in 'trian' is found 
in such nouns and names as 'triangle' and 'Brian' respectively. 
None of these factors apply to the sample 'penicl' (pencil). This 
attempt shows that Gary is still influenced by the logo graphic 
stage to some extent. This error does not conform to the rules 
of orthographic structure in English. Although not a common 
orthographic unit, I . .iell features within words such as icicle 
but never as a final unit to an English word. However, and 
most important of all, attempted pronunciation of this 
construction by analogy would result in the soft c [s] of pencil 
being changed to a harsh c [k]. When we group these two 
consonants c and I into a eluster the c is usually sounded as a 
hard [k]. 
When considered as visual errors only, these three spelling 
errors share similarities. They all begin and end with the 
correct initials and final letters for the target words; therefore, 
the overall gross shape of the words remains intact. And in all 
cases error occurs through the juxtaposing of two adjacent 
letters. 
Other errors do not lend themselves so readily for such 
relatively straightforward analysis. For example, whether Gary 
misrecalled the letters of the word clown (crown) and castle 
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(castre) or if he experiences problems with recogmsmg the 
difference between the phonetically similar targets [1] and [r] 
cannot be answered here. As stated earlier, it is difficult to be 
certain of where phonological and visual analysis have been 
influential in such errors. 
The targets clown and crown 
perception test (see Chapter 8). 
are contrasted in the speech 
Gary misidentified !clown! as 
!crown!, in the audio-visual speech discrimination test, but 
accurately identified the target !crown! when contrasted with 
!clown!. This might add support to the above suggestion that 
the spelling error associated with the word clown may be a 
phonological, rather than visual, error. 
Another example which cannot be specifically categorised as a 
visual or phonological error is provided by Gary's attempt at 
the target television (teivisen). If he has no accurate 
phonological representation of the phoneme [l], possibly 
suggested by his spelling of the words clown and castle, then 
his attempt 'teivisen' for television may be a close 
approximation to his pronunciation of this word i.e., a 
phonological, rather than what at first analysis may be 
considered a visual, error. 
The detailed error analysis, where for every target, each 
phoneme is assessed for the phonological error score and each 
letter for the visual error score, suggests that Gary tends to use 
visual rather phonological strategies for spelling. 
Gary has a spelling age superior to his reading age. He appears 
to show a tendency to rely more on visual than phonological 
cues for spelling. Generally, profoundly deaf children have 
relatively reduced immediate memory spans. Of the total 
omissions and errors, 5/15 applied to words with 8 or more 
letters. If he is relying on visual analysis to aid spelling, a poor 
memory span could inhibit accurate recall. His overall 
performance suggests that he has not yet reached the 
orthographic stage of spelling development. 
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CLAIRE 
Total accuracy score: Claire scored 43/54 (80% total accuracy) 
having attempted all words. 
The test dictates that only words which have the exact number 
of letters, all in accurate positions, for each target, can be 
accepted as correct. Stringent adherence to the first part of 
this rule resulted in Claire receiving an incorrect score against 
the word 'car' which she produced as 'cars'. 
Spelling age and spelling age percentage accuracy: Claire 
obtained 81.13% accuracy, using the scoring method described 
earlier, showing that she has a spelling age above 10:9. This 
test cannot provide more specific detail as to her actual spelling 
age. 
Spelling Error Types 
Omission: Claire attempted all targets. 
Misidentification: Claire produced some unusual spelling 
constructions which present problems for classification. 
Generally, the errors seem to fit best into the phoneme/letter 
omISSIon or substitution category. One attempt, however, will 
be regarded as a misidentification. 
For the target 'anchor' Claire wrote 'arpotn'. It is suggested 
here that this may be classified as a visual or phonological 
error if she is attempting the word 'harpoon'. 
Phonetically correct: None of Claire's errors was in the true 
sense phonetically correct. Her attempt at scissors (sissor) 
came very close to complying with the terms of this category 
but will not be included because of the omission of the final 
phoneme [z]. 
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Similarly her spelling of castle (castel), if we accept that the [tl 
is silent in this sample too, may be regarded as a phonetically 
correct attempt but in English the syllable 'tel', even in word-
ending position, generally has all three phonemes pronounced. 
This error will therefore be treated as a juxtaposition error. 
Phonemelletter juxtaposition.: 3 errors fit this category: castel 
(castle), penlic (pencil) and areoplane ( aeroplane). 
Phoneme/letter omission or substitution; 7 errors of this type 
occurred: windllihill (windmill), kangroo (kangaroo), sissor 
(scissors), cars (car), bond (bow), parttortion (parachute) and 
neeld (needle). 
SUMMARY (Claire) 
Claire seems to use visual rather than phonological strategies to 
aid spelling as suggested by the detailed error analysis. 
It is interesting to note that, unlike Gary, who produced only 
one non-English spelling pattern (penicl), Claire produced 3 
such words: arpotn (anchor), windllihill (windmill) and 
parttortion (parachute), suggesting even greater reliance on 
logographic processing. 
Despite her poor reading age (7:1), which is more lucidly 
described in terms of her chronological-reading age 
discrepancy (-4:6), Claire has good spelling knowledge. It 
should be noted that 5/11 misspelt words were quite long (8 or 
more letters). It is possible that, like many profoundly deaf 
children, Claire has a reduced memory span. If she is relying 
mainly on visual cues to spelling, a poor memory span would 
inhibit accuracy. 
Claire appears to use visual more than phonological strategies 
to aid spelling. Nonetheless, it is possible that some of the 
misspellings are phonological errors. If Claire is deriving 
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phonology chiefly from articulatory feedback her phonological 
code may be somewhat different to that of English. It is 
unlikely, however, that she has reached the orthographic stage 
of spelling development or at least not to any established 
sophistication. 
KAREN 
Total accuracy score: Karen scored 26/54 (48% total accuracy). 
She omitted many words. 
Spelling age and spelling age percentage accuracy: Karen 
obtained 50.98% accuracy, using the scoring method described 
earlier, showing that she has a spelling age of 8:0-8:6. 
Spelling Error Types 
Omission: Karen did not attempt 17 targets: bucket, sword, 
dragon, anchor, candle, bear, swan, feather, kangaroo, butterfly, 
needle, garden, monkey, bow, parachute, television and rocket. 
M iside ntifi cation: 
(wheel round), pencil 
Karen misidentified 3 targets: windmill 
(pen) and aeroplane (helicopters), all of 
which were accurate attempts at 
were all accepted English words. 
in terms of semantics. 
misidentified targets i.e., they 
They were all loosely correct 
Phonetically correct: None of Karen's spelling errors fits this 
category. 
Phoneme/ letter juxtaposition: Only 1 error fits this category. 
For the target /watch/, Karen wrote /whact/. This shows 
considerable letter order confusion. 
Phoneme/ letter omission or substitution: 7 words fit this 
category: zeaea (zebra), ca tier (castle), chire (chair), corn 
(comb), klite (knife), elpehens (elephant) and sister! (scissors). 
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SUMMARY (Karen) 
Karen appears to be influenced more by visual than 
phonological strategies for spelling. She uses real word 
substitutions e.g., 'wheel round' for 'windmill' and 'helicopters' 
for aeroplane. These examples are treated as misidentifications 
in the analysis because they are accurate spellings of English 
words. However, Pattison (1983) found that poorer hearing 
impaired spellers use more real word substitutions than 
hearing children or good hearing impaired spellers. Karen also 
produces targets which do not look like English words but have 
some of the properties of the target word e.g., zeaea (zebra) 
and sisterl (scissors), suggesting reliance to some extent on 
logographic processing. If she has a poor memory span then 
this could account for such errors. However, they could be 
phonological errors. They may be close approximations to her 
own pronunication. 
Her spelling age (8-8:6) is low in relation to the other children 
in this study but is nonetheless high in comparison to her 
reading age (7:0); she has a chronological-reading age 
discrepancy of -4:05. 
One of the overriding problems with this analysis is the fact 
that Karen showed such a reluctance to attempt all targets. She 
omitted 17 targets. She said she knew what the pictures were 
but could not spell their names. None of the targets, with the 
exception of Itelevision/, feature finger-spelling as part of 
their signed equivalent. Television is usually finger-spelled as 
TV. Karen did not use this information to guide her in this 
task. 
Perhaps the words omitted commonly cause problems for deaf 
spellers. 4/17 omissions were omitted by all subjects. 
However, 6/17 (35%) of Karen's omissions were not omitted by 
any of the other children. These targets were: butterfly, sword, 
garden, monkey, rocket and bear. And none of these targets 
were misspelled by the other children. It cannot be argued 
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that Karen is reluctant to attempt to spell words for which she 
does not know the correct spelling because of the number of 
errors she has produced. 
It seems most likely that Karen has not yet attained the third, 
orthographic, stage of spelling development. Her spelling 
performance is relatively less skilled than the other subjects. 
SIMON 
Total accuracy score: Simon scored 44/54 (82% total 
accuracy). He did not attempt to spell all targets. 
Spelling age and spelling age percentage accuracy: Simon 
obtained 84.62% accuracy, using the scoring method described 
earlier, giving him a spelling age above 10:9. This test cannot 
provide more specific detail as to his actual spelling age. He 
scored the highest spelling age percentage accuracy of all the 
children. 
Spelling Error Types 
Omission: Simon made 7 omissions: zebra, anchor, candle, 
swan, kangaroo, scissors and parachute. 
Misidentification: 2 targets were misidentified: bow (ribbon) 
and aeroplane (plane). Both words were accurate attempts at 
English words and both were semantically correct. However, 
these were not the required targets and must therefore be 
treated as misidentifications. The scoring method, which 
permits the exclusion of misidentifications in the analysis, 
ensures that Simon will not be penalised for these attempts. 
Phonetically correct and Phonemelletter juxtaposition: None of 
the errors fit these classifications. 
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Phoneme/letter omiSSIOn or substitution: 1 error of this type 
occurred: teleision (television). 
SUMMARY (Simon) 
Simon may be guided by visual imagery of spelling pattern or 
by phonological skills when attempting to spell. His spelling 
knowledge is clearly well developed. 
His accuracy (Le., lack of written errors) inhibits analysis of the 
strategy he uses for spelling. As stated, none of the errors, 
with the exception of television (teleision), was actually 
misspelt (Le., omissions and misidentifications only), it is 
therefore possible that this error was a 'slip of the pen', an 
editing, rather than a spelling mistake. The letter sequence for 
this word is totally accurate only the phoneme [v] is missing. 
More careful study of the errors and omissions, suggests that 
Simon may be dependent on visual recall of word patterns. 
5/8 (62.5%) of long words (Le., words with 8 or more letters) 
were either misspelled or not attempted. 
In comparison with the other two children who obtained the 
same spelling age classification, Simon omitted relatively many 
words (see Table 5.1 :2). This may show a reluctance to attempt 
unknown spellings. However, if he relies on a visual analysis of 
spelling patterns for processing, he may be unable to produce 
unfamiliar words. In effect, although Simon has performed 
well at this test, he may still not have reached the orthographic 
stage of spelling and this may be due to lack of phonological 
awareness. 
Although the words of this test were commonly used by 
hearing children in their writing, it is possible that the words 
omitted by Simon are not commonly used by deaf children. Of 
the 7 targets he did not attempt, 4 had been either omitted or 
incorrectly spelled by all of the children: kangaroo, anchor, 
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scissors and parachute. With the exception of anchor, they are 
all long words which might cause problems as stated above. On 
the other hand, the last 3 words all share irregular spelling 
patterns which might cause problems if Simon is using 
phonological processing. 
Clearly, Simon has good spelling and reading skills relative to 
the other children. However, his reluctance to attempt targets 
inhibits interpretation of his performance beyond that stated. 
Because of his overall accuracy, there is a temptation to assume 
that he has attained the orthographic stage of development and 
has awareness of the structure of English words. To have 
attained this position, according to Frith's model, he would need 
to have developed an awareness of phoneme-grapheme 
correspondence. If he has developed such an awareness, he 
has not used it to help in the generation of spelling unknown 
targets. If he lacks robust phonological awareness and is mostly 
dependent on logographic skills, it must be argued that he has 
developed this skill to a sophisticated level. 
5.3 DISCUSSION AND CONCLUSIONS 
The spelling test seems to have given a reasonable assessment 
of each child's ability in this area of literacy. The differences in 
performance have tended to reflect differences in reading and 
speech skills as predicted, with the notable exception of Claire. 
Some of the children may have spelling ages considerably 
greater than 10:9. This test is not able to provide the 
necessary comparative scores for the better performances. 
One interesting result generally is that all children have better 
spelling skills than reading skills in terms of age comparisons; 
this provides support for previous findings (Hoemann, 1976; 
Markides, 1976). 
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None of the children can be shown unequivocally to use either 
speech-based information to aid spelling or to use only visual 
recall of spelling patterns. Nevertheless, the more detailed 
analysis suggests that Gary, Claire and Karen do produce errors 
that are more visually than phonologically like the targets. 
It is interesting to consider the different types of performance. 
Andrew, Claire and Simon were classified as having a spelling 
age above 10:9 but their errors were quite dissimilar, 
suggesting that they obtained their scores through different 
strategies. Andrew attempted all targets and either accurately 
spelled misidentified targets or came very close to accepted 
spelling. He produced all types of analysed errors with the 
obvious exception of omission. All his attempts look like 
English words and all can be described as actual or very close 
phonetic approximations to targets. 
Claire attempted all targets. She produced most types of errors 
with some unusual spelling constructions. Some of her 
attempts do not look like English words. However, with the 
exception of the one possible misidentification, all the words 
attempted have the correct initial and the majority are close 
approximations to the target. So both Andrew and Claire 
attempted all targets and both produced several spelling error 
types. 
Simon, by contrast, omitted seven targets, misidentified two 
targets (misidentifications were spelled accurately) and 
produced only one actual spelling error. As suggested above in 
the individual· analysis, it is even possible that this error 
reflects a slip rather than a lack of knowledge. Simon's 
performance is clearly very different to the other two children. 
His accuracy seems contingent on an unwillingness to make 
errors or an inability to generate unknown spellings of 
relatively familiar words. In effect, he seems only to attempt 
words that he knows. Perhaps he is unable to use a 
phonological route to aid spelling of unfamiliar or novel words. 
Although performing well, he may be still trapped to some 
150 
Chapter 5 
extent in the logographic stage of spelling development. His 
relatively good reading ability, may be enhancing spelling 
performance. 
Like Simon, Karen seems reluctant to attempt all words. She 
omitted seventeen. Similarly, for the targets she misidentified, 
correctly spelled English words were provided. However, 
unlike the misidentifications produced by Simon, Karen's 
attempts were not strictly acceptable alternatives. For 
example, both children misidentified the target /aeroplane/. 
Simon gave the abbreviated version of this word /plane/. 
Karen gave the word /helicopters/ which was incorrect in 
terms of semantics and form (Le., a plural noun in place of a 
singular). It is probable that Karen does rely on visual 
strategies for spelling hence the real word substitutes. 
Gary omitted only two words, both of which are quite difficult 
words. His misidentifications were all plausible alternatives, if 
the proposed interpretations are correct. His errors, like those 
of Claire and Karen, suggest that he may rely more upon visual 
than phonological processing strategies for spelling. This 
generative practice may be more prone to error than recall 
through speech-based processes. 
Both Gary and Karen write a [t] as the first letter of the second 
syllable in their representations of the word /scissors/: 
/sisterl/ and /sistour/ respectively. It is possible that these 
are phonological rather than visual errors i.e., errors 
formulated by reference to a different phonological map to that 
of the English hearing norm. Or they could be visual errors in 
which confusion between the word scissors (known to be of 
unusual spelling pattern) and a more common word (e.g., 
sister) results in the non-English target. 
With the exception of Andrew, none of the children made any 
phonetically correct errors. This above all may suggest that 
only Andrew generally uses speech-based processing strategies 
to aid spelling of unfamiliar words. But as implied above, it is 
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possible that the children who appear not to use phonology to 
aid spelling are doing so. Pattison (1986) found that hearing-
impaired children who are better spellers tend to use 
information that looks like phonology in their spelling such that 
errors are close reflections of their own pronunciation of 
targets. Gary, Claire and Karen have relatively poor 
intelligibility. If they are referring to a phonology based on 
their own articulations this may mislead spelling. 
This assessment did not fully support the prediction that the 
more intelligible and better readers would also be the better 
spellers. Andrew and Simon, who are the more intelligible and 
better readers, are the better spellers, though Andrew may 
have more sophisticated strategies to draw on than Simon. But 
Claire, who is neither intelligible nor a good reader, is also one 
of the better spellers. Although it seems that she too does not 
have access to such sophisticated strategies for spelling as has 
Andrew. 
Some of the children may be deriving knowledge of phonology 
through orthography which may explain why they are better 
spellers than users of phonological information. But if this is 
their main source of phonological information then arguably it 
is unlikely that a robust phonology will be developed. 
The present analysis of spelling errors suggests that only 
Andrew is clearly able to use a phonological route (e.g. his 
errors fether and sissors show a realisation of the speech based 
properties of the words). It is possible that the other children 
are able also to use the phonological route to spelling but have 
less adequate phonological codes. A child chiefly limited to a 
lexical route will not be able to spell unfamiliar or novel words. 
Accuracy using this route may also depend to some extent on 
memory capacity. It is well reported in the literature that deaf 
children tend to have reduced memory spans. The next 
chapter examines each child's immediate memory span. 
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Chapter 6 
6. WORKING MEMORY 
INTRODUCTION 
Assessments of phonological awareness, so far, are dependent 
on direct production: speech intelligibility and spelling skill. To 
provide an indirect measure of use of phonology, this chapter 
examines the immediate memory span available to each child. 
Hearing individuals encode in verbal form where possible, even 
if the material is presented visually. Evidence for this comes 
from two main sources. 1) The phonological similarity effect 
in short-term memory for letters and words (Conrad 1964; 
Baddeley, 1966). Letter or word lists that share phonological 
similarity (e.g.,.b, c, d, g) are more difficult to recall than lists 
where items are distinct (e.g., k, c, x, 1); 2) The word-length 
effect for written words and for pictures (Baddeley, Thomson 
and Buchanan, 1975; Hitch and Halliday, 1983; Hulme, 
Silvester, Smith and Muir, 1986; Hulme, Thomson, Muir and 
Lawrence, 1984). Words which take longer to read or 
articulate are more difficult to recall than words matched for 
phonemes and syllables but have shorter articulatory duration. 
Encoding could depend on auditory or articulatory imagery, an 
interaction of the two modalities or even more abstract 
phonological representations. 
Concurrent articulation, repeating a word or nonsense syllable 
whilst completing a memory task for. visually presented 
stimuli, erases the phonological similarity and word-length 
effects (Baddeley, 1966). Thus implicating articulatory 
processes in the encoding and storage of information in short-
term memory. Baddeley (1986) proposes that articulatory 
coding is implicated in two roles in short-term memory. 1) 
Articulatory coding is used to convert written inputs into 
phonological form for storage; 2) The articulatory loop, acts as 
a storage device which is especially important for rehearsing 
articulatable information and thereby stopping decay of 
information. The articulatory loop is considered able to retain 
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a limited number of chunks of information in sequence without 
assistance from the central executive component of memory. 
The phonological similarity effect occurs through confusion 
between similar information in the phonological store unlike 
the word-length effect which reflects the working of the 
articulatory loop (Baddeley, 1986). 
If articulation plays such a major role in memory, this must 
impact on the memory capacity of children who cannot speak 
or who lack intelligible speech. Deaf children tend to have 
relatively unintelligible speech, support for this is found in the 
present study, and so it might be inferred that they will have 
reduced short-term memory capacity. This does seem to be 
the case. The working memory span of deaf children is 
generally shorter than that of hearing children for both written 
and signed sequences (e.g., Blair, 1957; Hanson, 1982; Pattison, 
1986; Wall ace and Corballis, 1973). This might be viewed as 
support for the suggestion that these children have to rely on a 
visual or manual code for processing such material. Both of 
these strategies are less effective for storage (Lichtenstein, 
1983; Stuckless and Pollard, 1977; White imd Stevenson, 1975). 
Conrad (1979) found a relationship between good speech and 
memory capacity. However, it is possible that not all deaf 
children have reduced memory capacity. Such group studies 
tend to obscure subtle differences in performance. Bird and 
Bishop (1992) caution thus in reference to group studies of 
hearing children with phonological impairment. 
How important is speech-based memory coding to linguistic 
performance in such tasks as reading? Assessments of hearing 
children, who are good or poor readers, show that only the 
good readers exhibit the phonological similarity effect. This 
suggests a difference in coding strategies between good and 
relatively poor readers (Liberman, Shankweiler, Liberman, 
Fowler and Fischer,1978; Siegel and Ryan, 1988). Better 
readers appear to use the articulatory loop. In hearing 
children, immediate span correlates with various achievement 
and aptitude tests and is used occasionally to identify children 
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who have reading difficulties (Dempster, 1981). There are, 
however, studies which suggest that the articulatory loop may 
not be an important aspect of the reading process. When 
hearing poor readers were matched for reading age with 
hearing good readers and all undertook memory tasks within 
their measured memory span, there was no discernible 
difference between the two groups in terms of the phonological 
similarity effect (Johnston, Rugg and Scott, 1987). And when 
similarly matched subjects were asked to perform memory 
tasks above their measured span, for both good and poor 
readers, the phonological similarity effect disappeared 
(Holligan and Johnston, 1988). Studies by Barron and Baron 
(1977) show that hearing children can read for meaning 
without articulatory rehearsal, i.e., that children can link 
written words directly with semantics. These tests, however, 
involved comprehension of isolated words. 
It may be argued that the ability to hold words in temporary 
storage is necessary to enable comprehension of sentences 
(Quigley and Paul, 1984). As stated earlier, a speech-based 
inner code has been shown to be the most effective for this 
purpose. Speech recoding and storage of written or spoken 
information involves temporal-sequential memory. Reduced 
temporal-sequential memory span and lack of a speech code 
may account for some of the linguistic problems of deaf 
children (Quigley and Paul, 1984; Webster, 1986). Deaf 
children who do not have access to inner speech, most probably 
experience difficulties with language-related activities because 
in such children the basic cognitive framework for handling 
verbal sequences is undeveloped (Webster, 1986). 
However, as previously stressed in this thesis, the deaf child 
population is not homogeneous; some do develop good reading 
skills. This suggests that one of at least three factors is 
probable. Firstly, memory capacity is of only minimal 
importance to reading. Secondly, articulation is not a major 
factor in short-term memory capacity. Bishop and Robson 
(1989), after studies of memory performance in dysarthric and 
155 
Chapter 6 
anarthric children, conclude that processes such as rehearsal in 
short-term memory rely on a more general abstract 
phonological code. Their methodology however may have 
measured visuospatial memory as well as verbal memory 
skills. Thirdly, deaf children may be able to develop a 
sufficiently apparent phonology based on their own, albeit 
relatively unintelligible, articulation to enable articulatory 
coding. Some deaf children are able to use phonological 
information and develop speech-based processing strategies 
(e.g., Conrad, 1979; Hanson, 1989; Lichtenstein, 1983). 
What appears to be generally agreed is that phonological 
awareness is implicated in efficient short-term memory. Deaf 
children who have developed, and use voluntarily, an apparent 
phonological code in short-term memory may be expected to 
have a greater immediate recall span. They may also exhibit 
better reading skills in that, at the least, they will be able to 
read regularly spelled novel words. 
It was decided to assess the children in the present study for 
immediate memory span and ability to use phonological coding 
strategies in storage, using a simple serial recall task. Ideally, 
the test procedures used by Conrad (1979) or Lichtenstein 
(1983) would have produced stronger measures of use of 
phonological strategies in memory. These tests consist of 
several trials involving word lists which sound similar and 
word lists which do not sound similar. A basal measure is 
established from several presentations. Subjects then work at 
their assessed capacity and attempt to recall the words of the 
various lists presented. However, at the pilot stage, these tests 
were shown to be intrinsically boring for the subject and very 
time consuming to conduct. 
To reduce boredom or stress, a major necessity to avoid losing 
a child's co-operation at an early stage in the research, it was 
decided to use a relatively simple test of immediate recall and 
introduce it as a game. Two word lists were used. One 
contained phonetically and graphemically dissimilar targets 
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(e.g., mat, head, by) the 
graphemically dissimilar targets 
other phonetically similar 
(e.g., do, shoe, new). This 
presentation procedure provided two measures: immediate 
memory span and a tentative measure of phonological 
awareness as shown through the phonological similarity effect. 
It was predicted that taking an immediate span for both 
phonetically similar and dissimilar words would highlight 
differences in performance at this simple level. If a child uses 
speech-based recoding strategies, more interference with the 
phonetically similar targets should occur. Working memory is 
shown to relate to reading skills and to use of phonology; and 
use of phonology also relates to reading skills and language 
learning (Baddeley, Papagno and Vallar, 1988; Baddeley and 
Wilson, 1988; Lake, 1980; Lichtenstein, 1983; Quigley and Paul, 
1984). So it was predicted that those with the better language 
skills, Andrew and Simon, would obtain greater memory 
capacity for phonetically dissimilar targets than the other 
subjects but that they, Andrew and Simon, would show a 
deficit in memory capacity for phonetically similar word 
sequences. 
Studies of immediate span for words in the hearing child 
population show that span increases with age (Dempster, 1981; 
Kail, 1990). Average span for visually presented words 
increases from 3 words at 2-years to 5 words at 12-years 
(Baumeister, 1974; Dempster, 1981). It is possible therefore 
that Andrew's immediate span may not be as great as simon's 
due to age differences. 
6.1 IMMEDIATE RECALL OF MONOSYLLABIC WORDS 
METHOD 
Materials: Three sets of 8 words were constructed (see Table 
6.1:1). The words in Set A were graphemically and 
phonetically dissimilar i.e., they differed in visual orthography 
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and in speech and sound. Those in Set B were graphemically 
dissimilar but phonetically similar i.e. were similar in speech 
and sound. Set C words were graphemically but not 
phonetically similar; these were used for practice. All words 
were considered, by their teachers, to be well within the 
reading and spelling vocabulary range of the children. Each 
child was asked to read aloud and sign (where appropriate) all 
the words on the lists to ensure that they were familiar with 
them. None of the words was new to the children. 
The word lists were similar to those used by Conrad (1979) and 
Lichtenstein (1983), as shown by Table 6.1:1, but adjusted to 
improve the balance between concrete and abstract nouns in 
the lists. In the Conrad study, 2 only of the phonetically 
similar words were concrete nouns whereas 5 of the 8 
phonetically dissimilar words were concrete nouns. It is 
possible that concrete nouns may aid recall through imagery as 
well as acoustic rehearsal. 
Table 6.1:1 Working Memory 
A B 
Graphemically 
Phonetically/ dissimilar 
graphemically Phonetically 
DISSIMILAR SIMILAR 
mat do 
head shoe 
by blue 
last new 
tree two 
cold zoo 
zip you 
down who 
Word 
Conrad 
do 
few 
blue 
screw 
.true 
zoo 
through 
who 
Lists 
C 
PRACTICE 
farm 
bare 
have 
door 
late 
bean 
home 
fear 
Conrad 
farm 
bare 
have 
door 
lane 
bean 
home 
furs 
Conrad's list was compiled to meet the vocabulary of 15 year 
old children. Arguably, as it stands some words are unsuitable 
for the younger age range of the present study. For example, 
Conrad used the word 'screw' in the phonetically similar word 
list. He acknowledged that this word caused some difficulty 
with his subjects; some children were not familiar with the 
word. The word 'screw' proved difficult to elicit from 
photograph depictions, tested on hearing children, and was 
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therefore excluded from the speech perception test reported in 
later chapters. For these reasons, it was eliminated in the 
word lists of this test and replaced by the word 'new'. This 
adjustment reduced the number of concrete nouns. 
It proved difficult to increase the number of concrete 
phonetically similar nouns. The loss of the word 'screw' was 
overcome by replacing the word 'few' with 'shoe' and 2 
'pseudo-concrete' nouns replaced abstract nouns in the original 
list. The words 'true' and 'through' were adjusted to 'two' and 
'you'. Two is not strictly a concrete noun but the number 
symbol could be used in imagery. It is also possible for the 
subject to utilize the face to face test situation such that the 
word 'you' could take on a concrete image of the tester. 
Conrad's word choice was dictated by the need to provide 
vanatIons in the final structure of the words in the 
phonetically similar list. Conrad used five different word 
endings to provide the final sound [u], the present study uses 6: 
-0, -oe, -00, -ue, -ew, -ou. 
To improve the ratio of abstract to concrete nouns, 2 of the 5 
concrete nouns from Conrad's phonetically dissimilar list (List C 
in this study) were replaced by words with abstract meanings: 
'furs' became 'fear' and 'lane' became 'late'. 
PROCEDURE 
Initially the rules of the game were explained, either verbally 
or in BSL, as appropriate. The children were informed that a 
number of cards would be selected and then placed face down 
in a pile. The first card on the pile would be shown and then 
placed face down alongside the starting pile. Then the next 
card would be shown and so on. The children were informed 
that they must remember each word and the order in which 
they were shown. Once all the selected cards had been seen, 
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the children were required to write down in correct serial 
order the words which had been presented. 
The initial instructions were followed by 6 brief 
demonstrations, using from two-to-four word strings. The 
researcher acted as the subject, writing down the responses at 
the end of each trial. To check for comprehension, the fifth and 
sixth demonstration, both using four-word strings, included 
'forgotten' word slots. Subjects were invited to help the 
researcher recall the word. The first 'forgotten' word was in 
the second position and the second 'forgotten' word was in the 
first position; both positions were believed to be within the 
memory capacity of all the children. All children were able to 
provide the accurate targets. This was taken as evidence that 
they understood the nature of the task requirements. 
List A, the dissimilar words, was always presented first 
because it was considered better to present the potentially 
easier task first and thereby gain each subjects' willingness to 
continue. If a subject uses a speech based recoding strategy, 
list B will present more difficulty in the recall task because of 
interference from the phonetic similarity of the words. 
Three practice trials were given of one and two word spans 
each, followed by a three-word sequence. Unless error 
occurred at this point (Le., omission, substitution, 
juxtapositioning), this was considered to be the end of the 
practice period. The whole proceedings were kept as informal 
as possible on the surface. 
Words were printed on white cards 14x9cms using Letrasett 
No: 714 (96pt). This provided a very clear presentation at all 
times. Words were presented manually and displayed for 1.5 
secs. 
words. 
After a presentation run, the children wrote down the 
The cards were then shuffled by the experimenter, to 
maintain the game concept, whilst at the same time facilitating 
a random presentation for the following sequence. Before each 
run, subjects were told how many cards would be shown and 
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the appropriate number of cards were counted face-down from 
the top of the pack. In this way subjects knew exactly when a 
presentation run had finished i.e., no playing cards would 
remain on the working pile. The children marked their own 
work by re-presenting the cards used. This helped to remind 
them of the nature of the task. 
To ensure that the children did not take the 'game' too 
flippantly, each child was informed of the researcher's 'best' 
score and asked to try their best to beat it with as high a score 
as possible so that their score could become a new record to 
beat. Generally putting the target score at three words for list 
A words and two words for list B words was adequate. All 
were able to match or beat these scores. 
one case, to introduce a 'bogus' higher 
schoolboy to maintain the competitive 
optimum score. 
It was necessary, in 
score from another 
spirit and thereby 
Each correct trial was increased by one word until an error 
occurred either in word name or serial order. The same word-
string length was repeated; this procedure was repeated up to 
three times if errors continued. The 'game' finished after a 
third presentation was misremembered and the previous, 
accurately completed, string length was recorded as the 
immediate, working memory span. The same procedures were 
implemented for the phonetically similar words. 
RESULTS 
All the children seemed to enjoy the task. It was not, however, 
an easy task for all of them. As predicted there were 
differences in performance, however, the specific differences 
did not support the predictions. The better readers (Andrew 
and Simon) did not obtain the greater immediate memory 
spans nor did they show any decrement in performance for 
recall of phonetically similar targets. Table 6.1:2 shows the 
performance scores ac~oss both word lists. 
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Immediate memory 
A 
phonetically 
dissimilar 4 
phonetically 
similar 4 
Chapter 6 
capacity 
G C 
9 
6 
3 
3 
K 
5 
3 
S 
4 
4 
Gary obtained the highest recall scores for both phonetically 
dissimilar and phonetically similar words. The former score 
exceeds the range for immediate span visually presented 
words in hearing 12-year-olds: 5±.1.3 (Baumeister, 1974; 
Dempster, 1981). Karen obtained the next highest score for 
phonetically dissimilar targets (5 words) which is an average 
score for hearing age match. Only Gary and Karen showed 
differences in performances across the two word lists and both 
were in the expected direction for speech-based processing in 
memory coding. This may suggest that Gary and Karen can and 
do use speech-based recoding strategies. They were the only 
children to obtain average and above spans for phonetically 
dissimilar targets. 
Table 6.1:3 
Number of presentations before 
(x: inaccurate recall following 
accurate recall 
3 presentations) 
string Dissimilar string Similar 
length words length words 
A G C K S A G C K 
2 1 1 1 1 1 2 1 1 1 1 
3 1 1 2 1 1 3 1 1 2 1 
4 2 1 x 3 3 4 1 1 x x 
5 x 1 x 3 x 5 x 1 x x 
6 x 1 x x x 6 x 1 x x 
7 x 3 x x x 7 x x x x 
8 x 1 x x x 8 x x x x 
9 x 3 x x x 9 x x x x 
S 
1 
3 
2 
x 
x 
x 
x 
x 
Table 6.1:3 shows how many presentations were required 
before accurate recall. This table emphasises the ease with 
which Gary undertook the task. 6/8 presentations of 
phonetically dissimilar words were accurately recalled 
following the first presentation and 5/5 of the phonetically 
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similar words were recalled accurately following the first 
presentation. 
Errors of recall are classified into one of five categories: 
omission, interference 
and juxtaposition. 
substitution, substitution, wrong position 
An error is classified as a possible 
interference substitution when a word that was not presented 
in the current trial, but was presented in the previous one, is 
used to replace a true target. Arguably, it is possible that 
interference from the previously recalled string could be 
influencing recall. 
Table 6.1:4 shows the error type occurring in the trials. 
Juxtapositional errors constituted the main cause of error with 
substitution and wrong position both featuring highly as error 
types. This appears to fit with Baddeley's theory of the 
articulatory loop being responsible for the maintenance of 
sequences. These are all profoundly deaf children who, with 
the exception of Andrew, have relatively poor expressive 
speech in comparison to hearing children of matched age. It is 
to be expected that confusion is likely to occur if speech 
strategies are required for efficient processing. 
Table 6.1:4 
Overall error type occurring including final word-string 
tested 
(Proportional 
Omission 
1. Substitution· 
Substitution 
Wrong position 
Juxtapostion 
scores) 
Dissimilar words 
A G C K 
0 0 0 0 
0.44 0 0 0 
0 0.07 0.14 0.29 
0 0.08 0 0.23 
0.05 0.32 0.18 0.05 
S 
0 
0.22 
0 
0.08 
0.14 
Note: I. Substitution*=Interference Substitution 
Similar words 
A G C K S 
0.25 0.75 0 0 0 
0.11 0 0 0 0.22 
0 0 0.07 0.21 0.21 
0.08 0 0.08 0.08 0.39 
0.05 0.05 0.09 0 0.09 
Very few omissions occurred, only 4 in total. Interestingly, 3/4 
omissions were errors obtained by Gary. Not only did he show 
the greatest recall, Gary's performance, in terms of error 
pattern, is different too. And more importantly raises a 
question on the implication of speech processes in short-term 
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memory. Gary has only moderately intelligible speech (52.5% 
intelligible) and yet he has the greatest span. Andrew, who has 
the highest intelligibility rating (100%) does not have the 
highest immediate span. In fact, Karen who has the lowest 
intelligibility rating, and is described as unintelligible (19.5% 
intelligible) has a greater span than Andrew for phonetically 
dissimilar targets. A more detailed individual account of 
results follows. 
6.2 ANDREW 
Phonetically dissimilar words: Andrew made only I error in 
the practice trial; the words of the first 2-word presentation 
were juxtaposed. 
In the test proper, errors occurred in the first 4-word string: 
first and third words were juxtaposed and the fourth word was 
a possible interference-substitution. The second presentation 
of 4-words was recalled correctly. Despite an obvious desire to 
succeed, as evinced through his pleadings to 'have another go', 
Andrew could not accurately recall any of the three test 5-
word strings. There was a strong tendency for a primacy effect 
(see Figure 6.2:1). This was measured by the number of times 
Figure 6.2:1 
Andrew: Primacy & recency effect in 
recall of phonetically dissimilar 
words (accuracy) 
3 
~ 
Oi 
°5 2 
.... 
0 
o 1 
Z 
0 
0 1 2 3 4 5 
word position 
the word in the given serial position was accurately rcalled. 
Again possible interference from the previous presentation 
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appeared to cause a problem. It was concluded that Andrew 
has 4-word immediate memory span for words that are neither 
graphemically nor phonetically similar. 
If Andrew was using speech based coding to assist in recall, 
than the next task would be more likely to be subject to 
general interference because of the phonetic similarity of the 
words. 
Phonetically similar words: A sequence of practice trials was 
given as with the previous test. He worked eagerly and 
showed no difficulty in recalling up to 4-word strings. The first 
5-word presentation was accurately recalled save for the 
fourth word which he could not retrieve. It is interesting to 
note that he did not substitute a word in this trial. 
Figure 6.2:2 
Andrew: Primacy & recency effect 
in recall of phonetically 
similar words (accuracy) 
.... 
o 
01 
Z 
01--------___ 
o 1 2 3 4 5 
word position 
The second presentation was inaccurately recalled; second and 
fourth words were juxtaposed and the same word was used in 
different positions. 
the fourth and 
substitutes. Figure 
word strings in 
performance. 
The third presentation was also inaccurate; 
fifth words were possible interference 
6.2:2 shows the primacy effect of recall of 
the final 3 trials at suprathreshold 
It was concluded that Andrew has a 4-word immediate 
memory span for words that are phonetically similar. His 
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performance in this task, as in the earlier one, showed a strong 
primacy effect, but no recency effect, and possible interference 
from previously recalled material. In effect, the results suggest 
that the nature of Andrew's performance on both tasks did not 
differ. He appears not to be using a speech-based code to aid 
recall in a memory task. 
His immediate span for phonetically dissimilar words is within 
the range for hearing children of his age but below the average. 
Interestingly, Andrew has the lowest reading age-chronological 
age discrepancy of all subjects in this study and thereby the 
best reading skills in terms of age relevant. However, the 
Edinburgh Stage 1 manual proposes that such a profile as the 
one obtained by Andrew suggests that his satisfactory 
vocabulary is held back by difficulties in other areas. His 
lowest score obtained, although not categorised as exceptionally 
low, was for sequences. 
It is possible that Andrew is not using speech based recoding 
for words, hence the same working memory span for both 
word types, or it may be that he is able to use such recoding 
processes but does not always do so. The next task, rhyme 
judgement, specifies this as a requirement. It will be 
interesting to see if Andrew can make speech based rhyme 
judgements. 
Andrew's memory span is interesting when considered in the 
light of his assessed behaviour. Here is a deaf boy who has 
relatively good reading skills with a relatively low immediate 
memory span which suggests that he does not use speech-
based strategies to aid storage. Other factors than memory 
span may have a more salient relationship to reading skills. IQ 
has been shown to be associated with reading skills (Conrad, 
1979) but Andrew has only a low average· non-verbal IQ. He 
does, however, have very good expressive speech; he can be 
understood at all times in a face to face situation. It is possible 
that Andrew is able to in tegrate more information, or ·less 
distorted information, from both modalities to aid reading. 
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6.3 GARY 
Phonetically dissimilar words: Gary made no errors in the 
practice trials. He worked eagerly and efficiently. 
There were no errors or hesitations in performance up to 6-
word strings. He required a little more time to record the 6-
word length, hesitating at the fourth position, where initially he 
drew brackets and said he wanted to think about that word. 
The fifth and sixth words were recorded quickly and 
accurately. Then, following a very brief 4-5 sec. interval, Gary 
provided the correct word for the fourth position. 
The first 7-word string was recorded inaccurately: third and 
fourth words were juxtaposed and the fifth word wrongly 
positioned and one word substitution occurred. 
told that he could have another go, he began to 
When he was 
look and sound 
bored, remonstrating that he had already done considerably 
better than the researcher. It was decided to introduce a bogus 
score of 6 words accurately recorded by another school boy in 
a different school. Fortunately, this had the desired effect. 
Gary set to with renewed enthusiasm. At this point it was 
necessary to include words from the practice set. 
The second presentation of 7 -words was almost accurately 
recalled: third and fourth words were juxtaposed. He 
introduced a new strategy for recall at this stage: the first four 
words were recorded relatively quickly, then he left 
started working backwards from the last word. 
presentation was recorded accurately with only a 
hesitation over the fifth word. 
a gap and 
The third 
momentary 
The first presentation of 8-words was recorded accurately with 
little or no hesitation, using the new strategy for recall. 
The first presentation of 9-words caused him more obvious 
difficulty. However, there was one error only in his first 
attempt at a 9-word string: sixth and eighth words were 
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juxtaposed. The second presentation caused him considerably 
more problems in terms of time taken for recording. He 
continued to use the new recall strategy and yet again only one 
error occurred: third and fifth words were juxtaposed. The 
third presentation was recalled accurately still using the new 
strategy. 
Gary was evidently delighted with the score and eager to try 
for lO-words. But all three presentations of lO-word strings 
were recalled inaccurately. No substitutions occurred (although 
with so many of the words in use this would have been less 
likely) but juxtaposition errors increased from one in 9-words 
to two in all three presentations of lO-word strings. It was 
concluded that Gary has a 9 word working memory span for 
words that are neither graphemically nor phonetically similar. 
The strategy he chose to use took full advantage of the primacy 
recency effects of recall. 
Phonetically similar words: The remarkable score from task A. 
set a rather high precedent to compete with when list B words 
were used. Gary was informed that this might be more 
difficult and that the researcher's score was only 2-words. 
Needless to say, he requested the score obtained by 'the boy'. 
This had been considered before the start of the second test 
and judged to be appropriate to propose a 4-word span. 
All words were accurately recalled in the test proper up to a 6-
word string. The three presentations of 7-words caused him 
considerable confusion; he did not appear to use the strategy 
adopted in the higher word-strings in test A. Only presented 
words were recalled (i.e., no substitutions occurred) but some 
of these were juxtaposed and in all three presentations there 
was at least one omission. 
It is necessary to be cautious in the interpretation of these data 
which on the surface appear to suggest that Gary may be 
experiencing interference from the phonological similarity of 
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the words and thereby may be using a speech code to aid 
recall. When a child has a large working memory span, far 
greater time is required to complete the task. With a short or 
relatively short span, the task is quickly over and the subject 
has no time to feel bored. Despite enthusiastic encouragement 
from the researcher, Gary started the second task considering 
that he had "already done it!" and that it would take a long 
time and be boring. It is possible that such a negative attitude 
may have had some bearing on the results. 
His immediate span for phonetically dissimilar targets is 
exceptionally high for both age matched hearing children and 
hearing adults. His phenomenal working memory span does 
not, however, appear to be of great use to him in terms of 
reading for comprehension. Yet accurate retention of 
sequential information is considered to be an aid for language 
learning and understanding. Contrary to such expectations, 
Gary has relatively poor reading ability. 
Similarly his superior non-verbal reasoning ability, reflected in 
a first class IQ grade, does not appear to be helping him 
effectively with language learning. Gary's expressive speech, 
however, is very poor. He is extremely difficult, and generally 
impossible, to understand using speech alone. Here we can see 
a striking contrast with Andrew's performance. It is possible 
that Gary's remarkable immediate recall span may be due 
more to visual than articulatory processsing. 
6.4 CLAIRE 
Phonetically dissimilar words: Claire found the task difficult. 
She had no problems with 2-word presentations in both the 
practice and test trials. The 3-word strings in the practice run 
were presented three times because a juxtaposition error 
occurred in the first presentation. Following two correct 
attempts at 3-word strings, the practice trial was considered 
over and the test proper introduced. 
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Up to 3-word presentations were recalled accurately. 
3-word presentation had the first and second 
juxtaposition. The second 3-word string was 
accurately. 
Figure 6.4:1 
Cia ire: Primacy & recency effects 
in recall of phonetically dissimilar 
words (accuracy). 
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In the first presentation of the 4-word string all the words 
were recalled, only positional errors occurred. The second and 
third presentations had two word substitutions and juxtaposing 
of correctly recalled words. Figure 6.4: 1 shows the primacy 
and recency effect on recall at suprathreshold i.e., at 4 word 
strings. It would appear that even with such short word 
strings, Claire is not gaining in the usual way in terms of 
primacy and recency recall. 
It was concluded that Claire has an immediate memory span of 
only 3 words for graphemically and phonetically dissimilar 
words. 
phonetically similar words: Test B presented similar problems. 
In the first presentation of a 3-word string, the first and third 
words were juxtaposed. The second presentation was 
accurately recalled. The first 4-word presentation was recalled 
with first and second words juxtaposed and a substitution in 
the fourth position. Only positional errors occurred in the third 
presentation. Figure 6.4:2 shows recall in terms of primacy and 
recency effects for the suprathreshold trials. From this chart it 
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is clear that Claire is not functioning well at this task. Although 
there is an apparent primacy and recency effect, she was able 
to recall only one word accurately for each of the trials. It was 
therefore concluded that Claire has a working memory span of 
3 words for phonetically similar words. 
Figure 6.4:2 
Claire: Primacy & recency effects 
in recall of phonetically similar words (accuracy). 
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Claire obtained a poor immediate span for phonetically 
dissimilar targets. This was below the range for age-matched 
hearing subjects: 3.7-6.3 words (Baumeister, 1974). 
There was no question of Claire not understanding the task. 
She marked her own work and knew when it was right or 
wrong and why she was ascribing the mark. Unlike Andrew, 
Claire has relatively poor speech (although· with careful 
concentration in a face to face situation she can be understood 
reasonably well) and, unlike Gary, only a low average non-
verbal IQ and a poor immediate memory span. Having no 
especial strengths in any area may be the major factor behind 
her poor reading skills. Probably her poor memory capacity is 
depressing her ability. She has a reduced span and a tendency 
to juxtapose words. Both factors could confound 
comprehension. 
Although not confirmed, rubella was suggested as the most 
probable cause of Claire's deafness. Maicart (1971) found that 
some children whose deafness resulted from rubella tended to 
have poor sequential memory and specific language disorders. 
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6.5 KAREN 
phonetically dissimilar words: Karen had no problem with 
recall up to 4-word strings. The first presentation of 4-words 
produced one error: the same word was used for two positions. 
The second presentation was recalled with two word 
substitutions. The third 4-word string was recalled accurately. 
The first 5-word string was inaccurately recalled: two 
substitutions and one wrong position. The second presentation 
of 5-words produced a substitution and juxtaposition error. 
The third presentation of 5-words was recalled accurately. 
Figure 6.S: 1 
Karen: Primacy & recency effects 
in recall of phonetically dissimilar 
words (accuracy). 
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All three presentations of 6-word strings were inaccurately 
recalled; each had word substitution and positional errors. 
There was a relatively strong primacy and recency effect (see 
Figure 6.5: 1). 
phonetically similar words: Up to 3-word strings were 
recalled accurately by Karen The first 4-word presentation 
had one positional error and one word substitution. The other 
two presentations of 4-word strings were recalled with one 
word substitution errors. 
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Figure 6.5:2 
Karen: Primacy & recency effects 
in recall of phonetically similar 
words (accuracy). 
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Figure 6.5:2 shows the primacy and recency effects for 
suprathreshold recall. Clearly, Karen is gaining from these 
phenomena though with such a short span, the effect is 
arguably more likely to occur. It was concluded that Karen has 
a 3-word immediate span for pho?etically similar words. 
It is possible that Karen is experiencing interference from the 
phonetic similarity of the words. This score is very Iow. 3-
word strings. are reached very quickly. This performance 
decrement, in comparison to immediate span for dissimilar 
words, is less likely to be attributable to boredom or tiredness 
because of the speed of the task up to this point and since 
neither of these sentiments were overtly apparent nor 
expressed by Karen. At the end of the task she said and signed 
that this task had been very hard, more difficult than the first 
test. 
However, Karen did not appear to find the task of recalling 
phonetically dissimilar words easy. She obtained a 5-word 
working memory capacity but required the three permissible 
presentations for both 4- and 5-word strings before accurate 
recall was possible. 
Nonetheless, her immediate span for phonetically dissimilar 
targets compares with the average for age matched hearing 
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individuals. However, if Karen can use a speech-based 
recoding strategy, it does not seem to be helping her with her 
reading ability. She has poor reading skills. Her expressive 
speech is also very poor. Even in a face to face situation she is 
extremely difficult, and often impossible, to understand. 
6.6 SIMON 
phonetically dissimilar words: Simon experienced no problems 
with recall up to 4-word strings. The first and second 
presentations of 4-word strings had juxtapositional errors. The 
third presentation was accurately recalled. 
There were positional and possible interference errors in the 
first presentation of a 5-word string. The second presentation 
had juxtapositional errors only. The third presentation had a 
possible interference substitution. The primacy and recency 
effects for suprathreshold recall are shown in Figure 6.6:1. 
Simon appears to take advantage of these phenomena in his 
recall strategy for phonetically dissimilar words. 
It was concluded that Simon has a 4 word immediate span for 
phonetically dissimilar words. 
Figure 6.6: 1 
Simon: Primacy & recency effects 
in recall of phonetically dissimilar 
words (accuracy). 
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phonetically similar words: Problems were first encountered 
at the 3-word ·string length. The first presentation showed 
substitution and positional errors. All the words of the second 
presentation were inaccurately recalled and included wrong 
position and possible interference substitution errors. The 
third presentation was accurately recalled. 
In the first and second presentations of a 4-word string only 
juxtapositional errors occurred. The third presentation was 
accurately recalled. 
The first 5-word string showed substitution and positional 
errors. The second and third presentations were completely 
inaccurately recalled with wrong position and possible 
interference substitution errors. Figure 6.6:2 shows the 
primacy and recency effects of suprathreshold recall. 
It was concluded that Simon has a 4 word immediate span for 
phonetically similar words. 
Simon has a relatively poor working memory span for both 
types of word lists in comparison to age matched hearing 
individuals. This is an interesting finding considering that he 
has a relatively low reading age-chronological age discrepancy 
(2:09) compared with peers of similar hearing status. 
Figure 6.6:2 
Simon: Primacy & recency effects 
in recall of phonetically similar 
words (accuracy) 
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The fact that he required more presentations of word-strings 
before accuracy in the phonetically similar word list (see Table 
6.1:3) and made more overall errors with that list may suggest 
that he is able to use a speech-based recoding· strategy for 
words (because more interference occurred) but that his 
overall working memory span is too short for any discrepancy 
to show. The next test will provide information on his ability 
to use a speech based code. 
6.7 DISCUSSION AND CONCLUSION 
Is working memory capacity important to reading skills? 
There seems to be some discrepancy between the research 
findings that argue for this and those of the present study. 
There was no support for the prediction that the children with 
the better language skills, Andrew and Simon, would have the 
greater immediate recall. 
Simon has relatively good reading skills but a relatively poor 
immediate span; whereas Gary has relatively poor reading 
skills and an exceptional immediate span. Andrew has the 
reading age most commensurate with chronological age, in this 
study, but his memory span is below average for age matched 
hearers. However, as stated in the introduction, he is the 
youngest subject in this study and age is shown to relate to 
span. Some studies show a span of 4.5 to be average for the 
age range 9-12 years. Considering that Andrew was only just 
turned 9 years at the start of this study and that Simon. was 
11.5 years, it might be argued that Andrew's performance at 
this task is better than that of Simon even though they 
received the same scores. 
Karen has a greater working memory span for words which are 
phonetically dissimilar which might suggest that she uses a 
speech based code. Her working memory capacity for such 
words fits within the norm for hearing children. Although she 
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has an average working memory span and the possible use of a 
speech-based code her reading skills are poor. 
Claire is the only subject whose behaviour fits well with the 
literature findings. She has a very poor working memory 
capacity and poor reading skills. Even with such a short span 
(3 words), she required two presentations before accurate 
recall (See Table 6.1 :3). Having such a low memory span, it is 
probably not surprising that her reading ability is so poor. 
Very few sentences in written English convey full meaning in 
such brevity. Table 6.1:4 shows. that overall, juxtaposition of 
words was the main cause of error. Interestingly, this has 
implications for comprehension of written material considering 
the sequential nature of English syntax. 
In this task, there was a reluctance not to write something 
down i.e., there was a strong tendency for guess work. This is 
quite contrary to the general behaviour in the spelling test. 
With the exception of Andrew, the children's recall showed 
evidence of primacy and recency effects in at least one 
condition. Claire, for example, only showed these effects in her 
recall of phonetically similar targets whereas Karen showed 
both effects in both conditions. Andrew only showed primacy 
effect but this occurred in both presentation conditions. 
Primacy effect is more stable than recency effect. This is 
interpreted as primacy effect being caused through words 
being retrieved from long-term storage and recency effect 
through words being retrieved from short-term storage 
(Wickelgren, 1973). 
Although accepted in the research literature, are deaf children 
and or their parents aware that they are likely to have reduced 
memory spans in relation to hearing peers? Could working 
memory capacity be increased through awareness of the need 
for development? As stated earlier, few teachers are observed 
to be actively encouraging their deaf pupils to practice memory 
span development. 
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Good reading skills may not be parasitic on working memory 
span, but it seems likely that there is a minimum working 
capacity. Andrew has a relatively poor immediate span, his 
reading skills are quite superior to all the other subjects in this 
study, but not so in comparison with hearing peers who would 
be expected to have a slightly greater working memory 
capacity on average: 4.5-5 words. 
The findings from this test have not supported the stated 
prediction that the children with better linguistic skills would 
have the greater memory spans. Neither Andrew nor Simon 
have large immediate spans. Yet these two boys have the 
better speech, spelling and reading skills. It was not, and could 
not have been, predicted, on the basis of linguistic skills, that 
Gary would have the largest immediate span. Gary has an 
exceptional span. It is possible that this is due more to 
exceptional visuospatial than verbal memory skills. 
It was proposed, from analysis of Simon's spelling performance, 
that he may not have access to an adequate phonological code. 
The findings of this chapter lend support to this suggestion. 
However, Andrew was shown to have access to a phonological 
route to spelling and yet he has a relatively poor memory span. 
Contrary to the findings so far, it seems possible that Gary and 
Karen may be using speech-based recoding strategies. This is 
surprising considering their intelligibility ratings and the 
apparent lack of phonological awareness, as suggested by the 
spelling test. It is possible that their effective use of phonology 
is limited to certain tasks only. 
Gary and Karen's results across these immediate memory tasks 
are interesting. These two children have the greater spans and 
are the only children to show a possible phonological similarity 
effect. If, as this suggests, they are using a speech-based 
recoding strategy for words, this lends support for the findings 
that such a strategy is the most efficient. When words are not 
phonologically similar (Le., less confusable if recall depends on 
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articulatory rehearsal) Karen has an average and Gary an 
exceptional span as compared with hearing children. 
As a final assessment of what the children have in terms of 
phonology, a direct measure of use of phonology will be 
established through the rhyme judgement task reported in the 
next chapter. 
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7. USE OF PHONOLOGY: RHYME JUDGEMENT 
INTRODUCTION 
The measures report so far have provided information on 
phonological awareness as evinced through various production 
skills Le., speech intelligibility, spelling skills and immediate 
memory span for words. It is possible that some children may 
have access to phonology but are not able to show evidence of 
this through production. The final assessment for use of 
phonology will provide a measure of direct phonological 
awareness without the need for linguistic production skills. 
The children are required to identify a phonological 
characteristic of speech i.e., rhyme. Such a phonological skill is 
considered a precursor to better spelling and reading skills in 
the hearing child population (Bradley and Bryant, 1983, 1985; 
Goswami, 1992). 
It has been shown that some of the children in the present 
study have reduced memory spans so it is more appropriate to 
use a test methodology which does not require strings of 
linguistic information to be stored in working memory. Using 
rhyme judgement, enables an assessment of inner-coding 
which minimises use of working memory. 
Bishop and Robson (1989) conclude from their study of 
anarthric children i.e., children who can not speak due to 
speech motor problems, that their findings challenge the idea 
that articulatory coding is implicated in working memory and 
rhyme judgement. They showed that anarthric children could 
make picture rhyme judgements as well as controls (children 
with motor problems but no hearing or speech motor 
problems) and concluded that articulatory coding is not 
necessary for rhyme judgement, despite the need to perform 
phonemic segmentation to do the task. 
It must be noted, however, that they found a tendency for all 
the children with motor problems to be misguided in their 
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judgement when pictures represented words with spelling 
patterns which could not guide accurate judgement (e.g., eight-
gate). This behaviour is quite dissimilar to that of children 
with no sensory or motor deficits. 
CampbeIl and Wright (1988) compared rhyme judgement for 
pictures and written words between children with no 
developmental problems and children who were hearing 
impaired. They found that both groups of children showed a 
tendency to be misguided by written word judgement. Support 
for this finding is provided by lohnston and Rugg (1989) who 
concluded that, by the time they have a reading age of seven, 
all readers (poor and good) have developed the expectation 
that words which look alike rhyme. 
The Camp bell and Wright study, however, showed a significant 
difference between the groups in terms of picture rhyme 
judgement. There was a significant difference between picture 
and word rhyme judgement for the hearing group. Their 
performance at picture rhyme judgement was almost at ceiling. 
They were not misled by the spelling patterns of the picture 
word cognates. In contrast, there was no significant difference 
between conditions for the hearing impaired group. 
Furthermore, the hearing impaired children showed a marked 
effect of being misguided by spelling pattern for both the 
picture and word rhyme judgement. 
All the children in the Bishop and Robson study have complete 
auditory imagery to draw on for comparison and yet they are 
functioning more like deaf than hearing children. Contrary to 
Bishop and Robson's conclusions, this could be seen as support 
for Hanson's theory that phonological units are derived from 
articulation. These findings highlight some of the problems 
associated with using the impaired system as a control. As 
stated earlier, the deaf population were used as controls for 
lack of phonology. It is becoming clearer that this is a false 
premise for some, if not all, deaf people. 
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Because all children, in the early stages of reading, have a 
tendency to be misguided by orthography in rhyme judgement, 
it is appropriate to use a picture rhyme task. There are other 
reasons too for choosing this option. Profoundly deaf children 
tend to have reduced working memory capacity for written 
words and poor reading skills, generally. By using a picture, 
rather than printed word, rhyme judgement task these other 
potentially confounding factors will be eradicated. 
The test for the present study was designed following that of 
Campbell and Wright (1988). Forty picture pairs had word 
cognates (Le., words associated with pictures) half of which did 
and half of which did not rhyme. The pairs are subdivided into 
two further categories: congruent and incongruent with twenty 
pairs in each. Congruent pairs (e.g., coat-goat) enable accurate 
judgement using only a visual assessment of their spelling 
patterns. In the given example, the onset Ic-g I is different 
but the rime I-oat I looks as if it should sound the same. 
Whereas incongruent pairs (e.g.. hair-bear) share rimes with 
spelling patterns which would mislead judgement on a visual 
only analysis (c.f. Goswami and Bryant, 1990). Using these four 
categories: rhyme-congruent, rhyme-incongruent, non-rhyme 
congruent and non-rhyme incongruent, it will be possible to 
show the type of strategy used to form rhyme judgements. 
One of the self-criticisms of the Campbell and Wright study 
design was that they had not controlled for regularity of 
spelling. The words 'zip' and 'two' provide examples of regular 
and irregular spellings respectively. The limitations of forming 
rhyming pairs makes controlling for this factor very difficult. 
However, in the present study, this was taken into 
consideration, as far as was possible, such that the congruent 
non-rhyming pairs have regular and irregular spelling patterns 
comparable in number to those of the incongruent non-
rhyming pairs (see Appendix 7). 
The children judged whether or not picture pairs rhyme. They 
were then asked to match printed words to pictures as a 
182 
Chapter 7 
measure of their spelling knowledge of the words being judged. 
Accurate judgement of the rhyming status of the pairs, without 
guidance from the spelling pattern and or spelling knowledge 
for the words, was accepted as evidence of a speech-based 
recoding strategy for rhyme judgement. 
If intelligibility is an important variable in the use of a speech 
based recoding strategy for words, then the children who have. 
better intelligibility ratings i.e., Andrew and Simon (see 
Chapter 4 Table 4.4:5) should be more able to perform this task 
than the children with poorer intelligibility ratings. 
7.1 PHOTOGRAPH RHYME JUDGEMENT TEST 
METHOD 
To provide a measure of their ability to use a speech-based 
inner-code, the children judged whether or not target objects 
on forty photograph pairs (see Table 7.1:1) had word cognates 
that did or did not rhyme. The word cognates for each 
photograph pair either rhymed or did not rhyme and shared 
either congruent or incongruent spelling. Hence, there were 
four main categories: rhyme/congruent, rhyme/incongruent, 
non-rhyme/congruent and non-rhyme/incongruent. 
Subjects: Andrew, Gary, Claire, Karen and simon participated 
in this task. 
Materials: Photograph pairs depicting the word cognates for 
the four test conditions were joined together and encapsulated 
in plastic to form photo-cards approximately 15x27cms. 
Photographs were used, rather than line drawings, for two 
main reasons. Firstly, they are attractive to work with and 
would hopefully enhance interest in the task and secondly, and 
possibly more importantly, they present a more 'real-life' 
representation. Two teachers of the deaf (from different 
schools) had cautioned that some deaf children and deaf adults 
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experience problems in comprehending simplistic drawings; 
they can be too abstract. 
The photographs used were validated for correct target 
elicitation. 132 hearing children with an age range of 7-12 
years were asked to name each photograph. Only photographs 
which obtained a 100% accuracy response rate were used. This 
specific age range was selected to fit the reading and 
chronological age range of the children in the present study. 
Spelling regularity was controlled in the word cognates for the 
non-rhyme conditions (see Appendix 7). 
PROCEDURE 
Practice trials, using 9 photograph triads (see Appendix 7) 
where 2 word cognates rhyme and 1, the odd-man-out, does 
not, were conducted to check that subjects understood the 
concept of rhyme or 'sound alike'. The rhyming word cognates 
included congruent and incongruent spellings. If an error 
occurred, the child was told which words did rhyme and then 3 
extra practice triads were introduced. Only Claire had 
problems at this stage but she soon appeared to understand the 
requirements, making 10/12 correct odd-man-out judgements 
some of which included incongruent spellings. 
Presented with the pile of 40 photo-cards, the children were 
required to categorise the pairs according to the rhyming status 
of their word cognates Le., rhyme or non-rhyme and place 
them on the appropriate designated area of the table. The 
nature of the task was explained verbally and, where 
appropriate, using BSL. A written explanation was provided 
also (see Appendix 7) and read with the child. The children 
were reminded regularly (i.e., at three presentation intervals) 
what each part of the table represented Le., rhyme or non-
rhyme. 
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Table 7.1:1 
INCONGRUENT 
rhyme non-rhyme rhyme non-rhyme 
coat goat shoe pub tree key toe shoe 
bat cat sock pear hair bear one bone 
toys boys bell pig chalk fork boot foot 
mop shop ghost cup ghost toast cow bow 
moon spoon comb fan flour tower swan man 
wall ball bread key chair bear wool stool 
tap map shoe church rope soap bear ear 
tower flower two zip plate eight spear pear 
bell shell watch coat four saw bowl owl 
drain train wall four swan one match watch 
RESULTS 
If subjects are using a speech-based recoding strategy for 
words, their judgement of whether or not photograph word 
cognate pairs rhyme will be influenced less by the spelling of 
the words than if they are using a visual analysis of the pattern 
of the word cognates or orthographic knowledge. Accurate 
judgement of congruent word pairs alone is not sufficient to 
ascertain how the judgement was made. Accurate judgement 
of incongruent pairs, above chance, reflects analysis using a 
speech-based code. 
Total rhyme judgement: Results from all four categories: 
congruent/rhyme, incongruent/rhyme, congruent/non-rhyme 
and incongruent/non-rhyme were computed to provide a total 
judgement score out of 40 for each child. 
Using the Binomial distribution, scores of 26 or more out of 40 
are above chance at the 5% level of significance. Andrew, Gary 
and Karen were able to make picture rhyme judgements at 
greater than chance level. Only Claire and Simon did not obtain 
total judgement scores above chance (see Table 7.1 :2). The 
total judgement scores do not, however, tell us what strategies 
the children are using to aid judgement. 
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Table 7.1:2 
Total rhyme judgement 
Scores out of 40 
A 35** 
S 25 
G 26* 
C 25 
K 31** 
Note: *(p<O.05); **(p<O.OOI) 
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Table 7.1:3 
Congruent & 
scores/20 
Ss 
A 
S 
G 
C 
K 
congruent 
19 
17 
16 
13 
18 
incongruent 
incongruent 
16 
8 
10 
12 
13 
Congruence and judgement: Results from congruent pairs 
(rhyme and non-rhyme) were combined to provide a congruent 
score for each child. Incongruent scores were computed 
similarly. Each score, congruent and incongruent, was out of a 
total of 20. Using the binomial distribution, scores of ~14 were 
above chance at the 5% level of significance. For unadjusted 
raw totals see Table 7.1:3. 
The mean (54%) obtained by the Campbell and Wright deaf 
group for incongruent picture judgement was not above chance. 
Percentage scores of 70 and over, as computed using the 
binomial distribution, are necessary to be above chance. 
Table 7.1:4 
Mean & (S.D). % accuracy of deaf Ss for pictures 
(Campbell & Wright, 1988) compared with individual total 
percentage accuracy from present study. 
Ss congruent incongruent 
CampbeU & % % 
Wright 75 (20) 54 (21) 
n=32 
A 95 80* 
S 85 40 
G 80 50 
C 65 60 
K 90 65 
Note: Standard deviation scores in parenthesis. 
* (p<O.05) 
The majority of the present subjects have achieved better 
judgement scores than the average in the Campbell and Wright 
study (see Table 7.1:4), with Andrew obtaining a score for 
incongruent judgement that is above one standard deviation of 
the mean in the Campbell and Wright study. 
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7.1:1 INDIVIDUAL SUMMARY 
Before drawing conclusions on rhyme judgement, the findings 
will be discussed individually. 
ANDREW 
Andrew worked without hesistation. His total judgement score 
was highly significant (see Table 7.1:2). A Chi Square lxN test 
of goodness of fit showed there was no significant difference 
between congruent and incongruent judgement. This adds 
further strong support to the suggestion that Andrew can use a 
speech-based recoding strategy. 
Interestingly, he has a relatively poor working memory span 
for words (4 words in both conditions). It is possible that 
Andrew can use a speech-based code for linguistic abstraction 
but does not always do so. Perhaps if he was encouraged to 
realise the value of this type of processing, he could develop 
his memory capacity and his linguistic performance to an even 
higher level. His reading skills are very good for a child with a 
profound hearing loss but are below average for a hearing child 
of matched age. He has relatively intelligible speech which 
may contribute to the development of a more robust 
phonology. 
GARY 
An interesting factor came to light in this early study. 
Sometimes when a judgemental hesitation occured, Gary could 
fingerspell what the photograph depicted but he did not know 
how to attempt to say the word. For example, when confronted 
with a photograph of a tail, he could explain what it was and 
finger spell the word 'tail' but did not know how to say the 
word and therefore felt unable to judge the pair involving this 
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word. A spoken example of the word was provided and he was 
encouraged to say the word himself. 
This behaviour raises the question, is it possible that Gary is 
learning semantics through orthography and phonology 
through some other media perhaps lip-reading or articulatory 
feedback? If this is so, clearly the processes are not occuring 
always in parallel. Does such segmented learning impede the 
development of a robust phonology? 
Gary did not know the word 'stool' a spoken example was 
provided but no spelling information. Even following the 
spoken example, he did not seem clear about the target. He 
insisted that it was a chair. The word was repeated and he was 
able to produce a relatively clear example of stool. 
Total judgement was significantly above chance (see Table 
7.1 :2) and was no significant difference between congruent and 
incongruent judgement (Chi Square lxN Test). This would 
suggest that he has access to a speech-based code. However, 
incongruent judgement scores could have occurred by chance 
alone which might suggest that spelling knowledge is really 
dominating his judgement. As stated earlier, he could finger 
spell word cognates even when he did not know how to say the 
words. Having said that, his working memory span (9 for 
phonetically similar and 6 for phonetically dissimilar words), if 
interpreted without the proviso provided, suggests that speech 
coding is implicated. Further, Gary was reluctant to make a 
judgement until he knew how to say the word. 
It is possible that rhyme judgement is better described as a 
meta-phonological process rather than a phonological one. 
Gary may be able to use a speech-based recoding strategy, as 
suggested by his memory capacity, but may not have yet 
developed the more sophisticated skills required to enable 
reflection on phonology. 
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Interpretation at this stage is difficult because of the problems 
highlighted. It may be that, as suggested above, Gary is failing 
to see the link, albeit sometimes tenuous, between othography 
and phonology, and that this process of language development 
provides for only an inadequate phonology. His speech is only 
moderately intelligible (see intelligibility rating Chapter 4) and 
his reading ability is low considering his non-verbal reasoning 
skills and unusually high immediate memory span. It will be 
interesting to see how well he perceives speech. 
CLAIRE 
Although signing is her main communication mode, Claire did 
not sign as she worked through the task. She admitted to only 
one problem; she did not recognise the target 'spear'. However, 
when a spoken example was provided she said that she knew 
the word and so judgement was permitted. 
Her total judgement score (see Table 7.1:2) could have occured 
through chance. Congruent and incongruent judgement scores 
were not significantly above chance level but there was no 
significant difference between congruent and incongruent 
judgement (Chi Square lxN Test). This might suggest that she 
is not relying on spelling guidance alone for judgement. 
However, she showed a very strong bias (Signal Detection 
Theory: 6=0.7) towards choosing the non-rhyme option which 
in effect confounds interpretation. 
Claire does not appear to have used a speech based recoding 
strategy for this task and the results of the working memory 
span test (3 words for both conditions) suggest that she did not 
in that task either. 
It is possible, however, that she is capable of using a speech 
based code but that her poor working memory span interferes 
with operations such as rhyme judgement. At the outset, Claire 
worked well. She may have forgotten the task requirements or 
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it is possible that a task involving memonzmg words for 
comparison requires a wider working memory span than 3 
words for processing accuracy. 
KAREN 
Karen worked hesitantly. Although signing is her main mode of 
communication, she did not sign as she worked. Like Claire, 
she could not provide the word for the photograph depicting a 
spear. A spoken example was provided and Karen said that 
she knew the word so judgement was permitted. 
Total judgement scores were above chance (see Table 7.1:2). A 
Chi Square lxN test showed no significant difference between 
congruent and incongruent judgement, suggesting use of a 
speech based inner code. Further support for this finding is 
provided by the immediate memory span test (3 words 
phonetically similar; 5 words phonetically dissimilar). 
However, at this stage of analysis, incongruent judgement alone 
is not significantly above chance. This confounds the drawing 
of firm conclusions on the basis of these data alone. 
SIMON 
Simon worked confidently, occasionally saying the name of the 
photograph target. He did not admit to any problems of 
recognition. 
His total judgement score was not above chance (see Table 
7.1 :2). Congruent and incongruent judgement scores did not 
quite reach significance at the 5% level which suggests that 
Simon is not relying more on anyone specific strategy to form 
judgement. However, he showed a strong bias toward choosing 
the non-rhyme option (Signal Detection Theory: B=0.55) which 
in effect confounds interpretation. It is possible that he forgot 
the task requirements. 
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Simon's performance at this task suggests that he does not 
readily use a speech-based recoding strategy. His working 
memory capacity scores of 4 words for each list type adds 
further support to this suggestion. 
7.1:2 GENERAL SUMMARY 
At this early stage of analysis, little more can be said about the 
strategies used to make judgements. It will be possible 
however to provide a more sensitive analysis of the data once 
the children have undergone the photograph-spelling match 
task. Information from that test will facilitate any necessary 
adjustment to the initial scores obtained in this the rhyme 
judgement task. 
What is interesting is the fact that the children are performing 
differently but not in the predicted direction as suggested by 
their Intelligibility Ratings. Only Andrew and Claire are 
performing to fit the prediction. This provides support for the 
conclusion in Chapter 4, that intelligibility only tells us how 
easily a speaker is understood by a listener. It does not tells us 
how the speaker can use his speech knowledge to aid other 
linguistic tasks. 
7.2 SPELLlNG·PHOTOGRAPH MATCH 
INTRODUCTION 
The Campbell and Wright (1988) study examined the influence 
of spelling on judgement. It was therefore of paramount 
importance that the childreq knew how to spell the words they 
were judging. Deaf children who could not accurately match all 
spellings with pictures were excluded from their study. This 
meant that a fifth of the subjects (8/40) were excluded. 
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Campbell and Wright's overall conclusion was that deaf 
children were more susceptible to spelling dominance over 
picture rhyme judgement than hearing children. However, it is 
possible that by rigorously observing the incorrect spelling 
exclusion rule, they may have inadvertently studied a special 
subset of the deaf school child population. It is possible for 
example that this group who had good spelling skills may have 
developed their phonological skills through learning to read. 
For two main reasons, it was necessary to check that the 
children in the present study knew how to spell the words they 
were being asked to judge. If they did not know how to spell 
the words and yet made correct rhyme judgements, above 
chance, this might also point to an ability to use a speech-based 
code. Furthermore, where this occurred, it would be necessary 
to adjust scores to increase the sensitivity of the analysis. 
METHOD 
Materials: Each of the 80 photographs from the rhyme 
judgement task was ascribed a number; like photographs were 
given the same number. The appropriate number was placed 
on each photograph. The 80 word cognates were presented in 
lists (see Appendix 7). A short line was drawn against each 
word. There are only 65 words in all listed because, in some 
cases, the same word/photograph (e.g., bear) was used in more 
than one photo-card. 
PROCEDURE 
Following a similar procedure to Campbell and Wright, subjects 
were required to read a word, locate the appropriate 
photograph and record the photograph's number against the 
written example. There was no time restriction. This test was 
conducted one week after the rhyme judgement test. 
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GENERAL RESULTS 
Table 7.2:1 shows the photograph-word cognate spelling match 
scores for the 5 children. All the children were fairly 
competent at this task. All scores were well above chance 
level. However, only Simon was able to complete the task 
without error. 
Table 7.2:1 
Photograph-spelling match task 
Ss 
A 
S 
G 
C 
K 
Accuracy scores/65 percentage accuracy 
63 
65 
55 
64 
54 
7.2:1 
97 
lOO 
85 
99 
83 
INDIVIDUAL RESULTS AND DISCUSSION 
ANDREW 
Andrew mismatched only 2 words to photographs (see Table 
7.2:1). The mismatch and possible explanation for this are 
shown in Table 7.2:1:1. 
Table 7.2:1:1 
Andrew: spelling.photograph target mismatch 
Mismatch Possible Explanation 
1 goat Phonological misrecall error? Numbered as 'ghost' 
2 toast Recognition error. Numbered as 'bread' 
Rhyme judgement of photograph pairs associated with both of 
the mismatched words i.e., /goat-coat/ and /ghost-toast/ was 
accurate. The latter pair are of the rhyme/incongruent 
condition. Andrew's score for incongruent judgement was 
adjusted from 16/20 to 15/19 and found to be significant 
(Binomial Test, p<O.OI). This suggests that Andrew is using a 
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speech based inner code since 
significantly influenced by spelling 
GARY 
his performance 
patterns. 
is not 
Gary mismatched ten words to photographs. Table 7.2:1:2 
shows which photographs-words were mismatched and. where 
possible. a potential explanation is provided. 
Out of the 10 photograph-spellings mismatched. only the 2 
words marked with an asterisk had been incorrectly judged in 
the rhyme judgement task: toe and stool. As stated previously. 
Gary did not know the word 'stool'. However. both words were 
from incongruent word pairs. 
Table 7.2:1:2 
Gary: spelling-photograph target mismatch 
1 
2 
3 
4 
5 
6 
7 
g 
9 
10 
Mismatch Possible Explanation 
pub No response: problem of identification 
mop 
drain 
fan 
zip 
foot 
shop 
man 
toe* 
stool * 
at word or photograph level? 
(as above) 
(as above) 
(as above) 
(as above) 
Recognition error. Numbered as 'toe' 
Recognition error. Numbered as 'pub' 
No explanation. Numbered as 'watch' 
Recognition error. Numbered as 'foot' 
No response: problem of identification 
Note: • Words incorrectly judged in the rhyme judgement task. 
4/10 errors were from the incongruent categories. As 
incongruent. scores provide relatively important information 
about the strategies used in rhyme judgement. scores for this 
overall category were adjusted to account for the fact that 
spelling could not have governed judgement in cases where 
accurate spelling is not known. 
Gary's score of 10/20 was subsequently adjusted to 8/16 to 
accommodate the fact that he could not have used spelling 
knowledge for judgement even where judgement was accurate. 
194 
However, 
judgement 
Chapter 7 
even after adjusting for 
could have occured by chance. 
errors, incongruent 
The question as to whether or not Gary is using a speech-based 
inner code for words is not resolved by this task. If he is using 
such processing, his poor speech may be impeding decision 
making in such tasks as rhyme judgement especially if his 
phonological code is not referenced on the normal adult model. 
CLAIRE 
Claire mismatched only 1 word to photographs. Table 7.2: 1:3 
shows the mismatch and possible explanation. 
Table: 7.2:1:3 
Claire: spelling-photograph target mismatch 
Mismatch Possible Explanation 
1 bear Reading error/poor memory skills/slip 
Numbered as 'bowl' 
Claire may have speed read the word bear and mistook it for 
'bowl' or, because of her limited immediate memory span, only 
remembered the start of the word and logged on to the first 
seemingly appropriate photograph or the mismatch may have 
occurred through a simple slip of attention. The possibility that 
Claire has a problem recognising the spelling of this word can 
be eliminated because she correctly spelled the word bear in 
the spelling test described in chapter 5. It should be noted that 
the word bowl was appropriately numbered. 
The photograph-spelling match arguably puts a relatively 
heavy demand on memory skills. However, despite her weak 
memory span for written words, Claire appears to have found 
this a simple task. She obtained a high score, suggesting a good 
knowledge of spelling and possibly that a cross-processing 
matching task is less demanding on working memory processes 
than a like-processing test of comparison such as was required 
in the rhyme judgement task. 
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KAREN 
Karen mismatched eleven words to photographs. Table 7.2: 1:4 
shows which photograph-words were mismatched and, where 
possible, a potential explanation is provided. 
Two of the mismatched words were each associated with 2 
photo-cards (Le., /swan-man/ and /swan-one/ and /tower-
flower/ and /tower-flour/) and therefore are referred to on· 2 
separate trials. For this reason, it is necessary to adjust the 
mismatch score to 13 rather than 11 for the analysis. 
Table 7.2:1:4 
Karen: spelling-photograph target mismatch. 
Mismatch Possible Explanation 
1 mop No response: problem of identification at 
word or photograph level? 
2 chalk (as above) 
3 pub (as above) 
4 tower (as above) 
5 swan (as above) 
6 spear (as above) 
7 match (as above) 
8 stool (as above) 
9 bow (as above) 
10 church No explanation. Numbered as 'pear' 
11 chair Recosnition error. Numbered as 'stool' 
9/13 errors were of the incongruent conditions in the rhyme 
judg«ment task. 5/9 incongruent errors were accurately 
judged in the rhyming task. For the reasons given above (see 
Gary:), scores were adjusted from 13/20 to 8/11. This had an 
interesting effect on Karen's performance. Her straight 
percentage score for incongruent performance 
significantly above chance (see Table 7.1 :4). 
was not 
With the 
adjustment, made possible through the photograph-spelling 
task, her performance accuracy at incongruent judgement 
becomes significantly above chance, using the binomial 
distribution (p<0.05). 
Karen's performance in this task provides further interesting 
data. For example, she did not recognise the written word 
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'chalk' to represent what was to her a familiar spoken and 
signed word. When confronted with the photographic pair 
chalk-fork, she identified them as a non-rhyming pair. An 
initial analysis would interpret this judgement as a straight 
forward incongruent error i.e., that Karen was mislead by the 
spelling pattern alone. Since Karen did not have an internal 
representation of the spelling of the word chalk to draw on for 
comparison, we can only assume some other factor was guiding 
her judgement e.g., speech. It is possible that the girl's speech 
output for these two target words is quite different. 
SIMON 
Simon made no errors in this task. This emphasizes his 
familiarity with the written word and suggests that he uses his 
orthographic knowledge even for tasks which do not specify 
this as a requirement as with picture rhyme judgement. 
7.3 SUMMARY OF SPELLING-PHOTOGRAPH MATCH 
By the time they were undertaking the second task, the 
spelling-photograph match, the children could say what each 
photograph was but sometimes could not recognise, or 
struggled to recognise, the printed spelling of the word. This 
seems to argue strongly for the validity of such a test of inner-
coding strategies. If a child has no logged spelling of a specific 
word they cannot be making an orthographic comparison. 
The findings, however, do not lend full support to the 
prediction that children with more intelligible speech will be 
more able to make accurate rhyme judgements. Individual 
analysis shows that at least two of the children (Andrew and 
Karen) did not compare spelling patterns only when making 
rhyme judgements. It has been shown, however, that these 
two children, who are exhibiting use of a speech based inner 
code, have diverse speech and spelling skills, different working 
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memory spans and only low average non-verbal IQ. Such 
. behaviour would most likely be obscured in a group 
correlational analysis. 
Only one of the children in the present study, Simon, would 
have been included in the Campbell and Wright study because 
of the picture-spelling match exclusion rule. Like the subjects 
in the Camp bell and Wright study, he obtained results 
suggesting that spelling pattern dominated rhyme judgement. 
Caution must be employed when extrapolating from such 
studies to describe the deaf population. It is possible that, in 
the Campbell and Wright study, for example, theirs was a 
restricted sample i.e., children who are more dependent on 
word pattern for understanding or those who have developed 
phonological processes through the written medium. It would 
seem from the present study there is some evidence that this 
can occur. Gary, for example, did not always know how to say 
words he could understand, read and spell. 
However, incongruent judgement alone as a measure of inner 
coding is inadequate. It shows where spelling pattern does not 
dominate judgement and where spelling pattern does influence 
judgement. It does not, however, tell us if the child can use a 
speech-based inner code. If a child is shown to be influenced 
by spelling pattern,. the most we can conclude is that in this 
instance a speech-based recoding strategy was not employed. 
Similarly, as suggested by Andrew's performance in the rhyme 
judgement and memory span tasks, such a test does not tell us 
if the child, who can use a speech-based inner code, uses the 
skill regularly or only when explicitly required. 
This problem could be overcome by using the methods 
employed by Conrad (1979) and Lichtenstein (1983) which 
were described in Chapter 6. The Conrad procedure, as an 
assessment tool for inner coding strategies, is time consuming 
to conduct and intrinsically rather boring for the subjects. It 
might be argued that it does, however, have the advantage 
over a rhyme judgement test because of the indirect nature of 
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the assessment. Individuals consider they are performing a 
memory task. Nothing is said about the sound of the words 
used. 
Although the above methodology was initially rejected on the 
grounds of its lack of interest and the need to hold strings of 
words in memory, there is another flaw with the indirect test; 
one that it shares with the rhyme judgement task. Tests of 
recoding strategies, be they direct rhyme judgement or recall 
patterns for phonetically dis/similar words, all hold as a central 
tenet that the children, if they have developed an internal 
speech-based phonology, are using normal hearing 
pronunciation for such tasks. If a child has a well developed 
speech-based inner code which is based on his or her own 
speech output, it will only fit with the normal hearing model if 
the child's speech is a similar reflection. 
It is possible that a child has a robust consistent phonology that 
does not match with the hearing model. If this is the case, it 
may be erroneous to interpret poor incongruent judgement 
performance as showing a dependence on spelling patterns. 
Reference to an idiosyncratic phonology may show some 
similarities and some dis-similarities to that of the normal 
hearing model or have no similarities at all. In effect, with 
reference to their own phonology, it is possible that the 
children are performing accurately. 
A child who has a gross perceptual deficit, such as the deaf 
child has, will have problems learning language. Performing 
metaphonological tasks such as rhyme judgement or rhyme 
eIicitations may require use of patterns of behaviour which are 
not available. Hearing children hear and speak their native 
language.. Through nursery rhymes, songs and poems, the child 
learns about rhyme and how words can be associated on this 
metaphonological level alone. This early cultural inheritance is 
not readily available to the deaf child. 
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It is possible that all children may log words in many cross-
referenced memory patterns e.g., semantic, letter-length, 
unusual construction/meaning. phonemic and phonetic 
similarity. If the latter categorisations do not occur as a matter 
of course for the deaf child, they will be undergoing a very 
different task when making rhyme judgements, to that of the 
hearing child. A deaf child may be able to abstract words using 
a speech-based code but may tend to use a semantic, signed, 
orthographic or some other code generally. 
The deaf child experiences great difficulties in learning to use 
language. They are generally confronted with a considerably 
reduced vocabulary input. In effect, the speech directed at 
deaf. children often tends to be reduced for simplicity and 
reduction of ambiguity. There seems to be more of an 
arbitrary approach to teaching vocabulary skills to deaf 
children than to hearing children. Some teachers prefer to 
limit the amount of vocabulary input, arguing that the children 
have enough problems acquiring new words without adding to 
the confusion by introducing different examples of the same 
meaning. Others confront the children with very complicated 
material which appears to be out of their knowledge range. 
Being able to recognise the spelling of a written word does not, 
however, necessarily infer an ability to produce the spelling of 
the word. The photograph-word match does not show whether 
or not the children can produce the correct spelling. It is 
possible to recognise a word through pattern recognition alone, 
in effect, to accurately match targets without recourse to use of 
phonology. This may explain Simon and Claire's diversity of 
performance across the two tasks. In both cases, rhyme 
judgement was below chance but Simon's photograph-word 
match was completely accurate and Claire mis-matched only 
one word/photograph. Such an interpretation could be used to 
explain the Camp bell and Wright findings. 
Photograph rhyme judgement may not be a very sensitive 
assessment technique for measuring speech-based recoding 
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strategies in deaf children. Nevertheless inter-subject 
performance differences were obtained in the present study. 
This study has, however, produced results that suggest, 
contrary to group research findings, that such metaphonological 
skills may not necessarily accompany good reading skills and 
increased working memory capacity. 
7.4 CONCLUSIONS 
The children were assessed for use of phonology across various 
parameters: intelligibility, spelling skill, immediate memory 
span and rhyme judgement. There was considerable inter-
subject performance difference. Andrew appears to be the 
most phonologically aware, as was predicted. However, there 
was a general tendency for intra-subject performance 
difference too. Only Claire showed definite performance 
consistency in that her performance across all tasks suggested 
she has poor phonological awareness. 
Andrew has good phonological awareness, but he may not use 
this always to aid effective processing, hence his relatively 
poor memory span. Simon has relatively intelligible speech but 
his spelling performance and immediate memory span 
suggests, and his rhyme judgement shows, that he does not use 
phonological recoding strategies. Gary has only moderately 
intelligible speech and appears not to use phonological recoding 
to aid spelling or rhyme judgement, however, his performance 
at the memory task suggests that he might be using a 
phonological code to aid recall. Karen also shows performance 
discrepancies. She has poor speech intelligibility relatively 
poor spelling skill but her performance in the memory and 
rhyme judgement tasks suggests that she has phonological 
processing skills. 
Campbell, Burden and Wright (1992) postulate that deaf 
children may 'uncouple' phonological processes such that they 
are used only for isolated tasks. This may explain the findings 
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here. Andrew appears very able to make direct use of 
phonology but may not necessarily use this skill to aid 
memory. Karen may have access to a phonological code which 
she uses to aid memory and rhyme judgement but does not 
generalise this skill to aid spelling. 
The measures reported so far have provided an in-depth 
picture of the children's phonological awareness. The next task, 
to be addressed in Chapters 8 and 9, is to assess how 
phonological awareness may have developed. 
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Chapter 8 
8. PHONOLOGICAL DEVELOPMENT 
INTRODUCTION 
The development of a robust phonology in normal hearing 
development may depend mainly on heard speech, that is 
received speech from external sources and auditory feedback 
from the speaker's own productions. As stated previously, 
historically, the concept of deaf children using phonology was 
discounted on the basis that phonological awareness was 
understood to be sound based only. 
For the deaf child who has no, limited or distorted auditory and 
articulatory inputs, the options for the development of 
phonology may become less reliant on the normal systems and 
more dependent on using only the reliable aspects of input 
from more varied sources. More recently, theories concerning 
the nature of phonological processing have been put forward. 
Hearing impaired children may have access to English 
phonology through residual hearing, lip-reading, articulatory 
feedback, signing and the orthography (e.g., Dodd, 1987; 
Hanson, 1989; Pattison, 1986). Arguably, it is necessary for the 
child to receive information from varied sources because it is 
unlikely that anyone medium would provide sufficient 
information for the structuring of a robust phonology. 
It may be argued that the information from these media would 
not be strictly phonological, because it is not sound based, but 
it would enable the child to develop a code which· is apparently 
phonological (Pattison, 1986). However, as stated earlier, 
Hanson (1989) argues more strongly that phonological units of 
a language are not sounds but are a set of meaningless 
primitives out of which meaningful units are formed. The 
primitives are related to articulatory gestures (Liberman and 
Mattingly, 1985). Although there are differing views as to 
what constitutes phonological units, there is agreement that at 
least some, if not all, deaf children are able to develop 
phonological awareness. 
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Chapters 8 and 9, focus sing on speech discrimination and 
speech production, aim to establish how or by what means the 
children may have developed their phonological awareness. It 
has been suggested that some children may derive knowledge 
of phonology through orthography and signing, however, these 
two media will not be assessed further. Measures of spelling 
skills are already obtained and the children in the present 
study have varying experience and use of signing. Claire and 
Karen are expert BSL signers; Gary's signing skills are 
improving but, as yet, he lacks the stable expertise shared by 
the girls; Andrew does not use sign language. The possibility 
that the signers have access to phonology through their visual-
gestural language cannot be ruled out. Although Claire shows 
no evidence of phonological awareness, Karen does show an 
apparent awareness. She was able to recall more words, in the 
memory task, when the words were phonetically dissimilar and 
she was able to make accurate rhyme judgements. Gary also 
may have access to phonology, as suggested by his immediate 
memory span. It is possible that Karen and Gary obtain more 
useful information from the various media than Claire. If this 
is so it would suggest that signing alone does not afford 
sufficient information for the development of a robust 
phonology. 
It is possible, nevertheless, that very few deaf children have 
any knowledge of phonology before being presented with 
written material. This could depend to a great extent on how 
well they can discriminate and produce speech. The children in 
the present study will be assessed across these speech 
domains. Those who are more phonologically aware may have 
one or more of the following: more useful aided hearing, good 
speech-reading skills, more useful speech production and 
better signing skills. 
Speech discrimination will be assessed to provide measures of 
usefulness of aided hearing and speech discrimination. Intra-
subject performance across like tasks, one with an audio-visual, 
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the other with visual-only presentation of spoken targets, wiII 
be compared. Performance in the audio-visual task should be 
enhanced if the subject has useful aided hearing. Inter-subject 
performance comparisons will identify which subjects have the 
better speech-reading skiIIs. 
Speech output will be measured for consistency and contrast. 
Most profoundly deaf children are able, albeit with varying 
degrees of ability, to develop articulatory patterns for speech 
production. Studies show a relationship between intelligibility 
and use of a speech-based inner code (e.g., Conrad, 1979; 
Campbell and Wright, 1988; Hanson, 1989). So it is possible 
that articulatory feedback may augment other processes. The 
children in the present study exhibited wide differences in 
speech output as shown by their Intelligibility Ratings in 
Chapter 4. However, measures of intelligibility only teIl us how 
well the children's speech is understood by a listener. They do 
not tell us how well, or if, the child can internalise speech. It 
has been shown that Karen, and suggested that Gary, may have 
phonological awareness but neither child has truly intelligible 
speech. It is possible however that they have developed an 
idiosyncratic phonology that, though not sharing fuIly the 
phonemic structure of English, nonetheless has sufficient 
consistent speech contrasts such that they can map the 
language internally. 
It is predicted that the children who have better speech 
discriminabiIity and more consistent contrastive speech wilI.be 
those who are more phonologicaIIy aware. The first 
investigation is of the children's ability to discriminate speech. 
8.1 SPEECH DISCRIMINATION 
For prelingually profoundly deaf children, who have little or no 
gain from amplification, speech-reading is the main medium 
for the perception of speech. Dodd and CampbeII (1987) found 
that deaf individuals mentally process lip-read speech as if it 
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has been heard rather than seen. They conclude that deaf 
individuals who have good lip-reading skills may be able to 
gain sufficient information about the phonological structure of 
English to enable the development of a phonological code. 
However, speech-reading, independent of audition, does not 
enable total discrimination, thereby accurate perception, of all 
speech sounds. As the Ewings (1954) suggested 
"If words could be seen by a deaf child as 
completely as they can be heard by one whose 
hearing is normal, the deaf child could and would 
acquire, through lipreading alone, the living 
language that he needs to express his thoughts in 
intelligible speech." Ewing and Ewing (pI36. 
1954 ). 
It is possible, however, to perceive some speech contrasts 
through speech-reading alone. There are various ways in 
which speech can be discriminated through vision. Visual 
analysis of the articulators can assist speech perception. 
Tongue movement, especially gross movement (e.g. the curling 
back of the tongue to form the sound [I]) is a useful cue to 
certain sounds. 
discrimination. 
Movement of the lips also facilitates 
The sound [b] is produced at the very front of the mouth. 
Pressure is created by the lips being brought together. On 
released the plosive is produced. This action offers a visual cue 
of discrimination between, for example, the words /boat/ and 
/goat!. In the latter example, the initial consonant is produced 
further back in the mouth in the region of the soft palate, the 
vellum. It is this which is lowered to meet the tongue, when 
raised at the back, to form the closure of the vocal tract and 
released to produce the sound [g]. Throughout this activity, the 
lips are apart but the observer can not see the movement of 
the vellum or tongue. Therefore visual analysis only, of words 
beginning with a velar phoneme, does not provide for easy 
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discrimination of the consonant vowel transition because there 
is no obvious visual constriction of the vocal tract. However, 
and what causes even more confusion, different sounds can be 
produced at the same place in the vocal tract. 
English, like most other languages, has a consonant system that 
tends to be symmetrical (Katamba, 1989). Sounds produced at 
the same specific place in the vocal tract can be contrasted by 
various but consistent manipulation of the articulators. For 
example, sounds produced at the very front of the mouth 
(labial and labio-dental) can be produced in differing ways. 
They mayor may not be voiced, plosives, fricatives or nasals 
(these terms are described in section 8.2 under the sub-
heading Speech Features). Symmetry in language provides for 
the economic use of possible speech sounds but can result in 
confusion when the signal is not clear. So although some 
speech sounds can be identified through vision alone many are 
open to confusion. 
Some deaf children however do succeed in developing good 
speech perception skills. Boothroyd (1984) measured the 
auditory speech perception of sensori-neural hearing impaired 
students (age range 11-18 years) and found that performance 
on speech contrast tests was significantly correlated with 
subjects' intelligibility ratings. He showed that children with 
hearing losses as high as 105-114 were able to perceive, 
through audition alone, some segmental and suprasegmental 
contrasts. Boothroyd concludes that performance on these 
tasks, along with the superior speech intelligibility of the better 
achievers, suggests that these children have incorporated 
sound perception into the development of spoken language 
skills. From the various tasks conducted, Boothroyd was able 
to produce measures of the average hearing loss 
which a given auditory contrast is detectable. 
shows these measures to the nearest 5dB. 
levels up to 
Table 8.1: 1 
The children in the present study have hearing losses in excess 
of 95dB, suggesting from Boothroyd's findings that they will 
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tend to have better vowel than consonant discrimination and to 
be more dependent on visual, rather than auditory, detection 
for speech perception. 
Table 8.1:1 
Auditory contrasts detected by sensori-neural 
hearing-impaired students (Boothroyd. 1984) 
HL Level Contrasts Detectable 
75 dB consonant place 
85 dB initial consonant continuance 
90 dB initial consonant voicing 
100 dB vowel place 
105 dB talker sex 
115 dB syllabic pattern 
115> dB vowel height 
Confusion matrices for auditory speech perception by hearing 
subjects show that consonantal contrasts of place of production 
are difficult to hear; whereas consonantal contrasts of voicing 
and manner of production are relatively easy to hear, even in 
noise or when speech is distorted (Miller and Nicely, 1955). 
Conversely, contrasts of place of production are relatively easy 
to see and contrasts of voicing and manner of production 
difficult to see (Owens and Blazek, 1985). 
It would seem that hearing impaired individuals, placed such 
that they can see the articulatory gestures of a speaker, could 
obtain sufficient information for intelligibility. What cannot be 
heard can generally be seen and vice versa. With a profound 
hearing loss, however, there may be no, or very little sound 
input at several frequencies. In such cases, individuals may 
depend more fully on seen speech for perception. This would 
reduce intelligibility of the incoming message. 
Gailey (1981) produced confusion matrices for speech-reading 
by hearing subjects. Speech-reading in this sense means a no 
sound presentation. These matrices provide information on 
high and low visual confusability of both word-initial and 
word-final phonemes. Profoundly deaf children, primarily 
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dependent on speech-reading, may function more like the 
hearers in Gailey's study ,even when sound is present. 
So consonants, which convey intelligibility (Reed, 1984), are 
prone to confusion if no useful sound signal accompanies the 
articulatory gestures. Are vowels easier to perceive? Certain 
vowels are relatively easy to discriminate through speech-
reading. The vowel in the word Icotl is produced with a 
rounded mouth shape where as the vowel in the word /keyl is 
produced with an unrounded stretched mouth shape. Some 
vowels can be discriminated through visual analysis of 
temporal features. This occurs in the visual contrast of short 
monothongs with diphthongs. In the diphthongs (e.g., the 
vowel in the word Icoat/) a glide from one vowel sound to 
another occurs. This vowel can be seen to require longer to 
produce than the short vowel in the word /cot!. 
However, because the vowel system of English also tends to be 
symmetrical, several vowels share similar mouth shapes and or 
similar temporal patterns. Visual vowel discrimination is not 
always such a relatively simple task. 
It should now be apparent that speech-reading alone does not 
provide sufficient consistent cues for total unambiguity even 
for hearing individuals who know all the different sounds of 
their language. 
The deaf child who has developed good speech-reading skills 
may be advantaged, both cognitively and socially, to the child 
who has not. Measuring 
relatively simple task. 
for speech discriminability should be a 
However, deaf children are often 
measured for this effect using tests which, it is argued here, 
may to some extent lack validity. Mogford (1987) suggests 
that lip-reading tests are likely to reflect language knowledge 
as much as lip-reading skills. 
Types of speech-reading tests available: There are different 
types of tests available for the assessment of speech-reading. 
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All aim to measure an individual's ability to identify speech 
through the scrutiny of the speaker's lips and facial 
movements. However, there are problems with the existing 
tests in terms of meeting the present study criteria. This study 
aims to assess speech-reading in terms of simple monosyllabic 
words in isolation. Although such an assessment provides less 
natural stimuli than those involving continuous speech, the 
aims of the study are to assess perception of segmented speech 
features rather than speech in context. 
Most of the earlier speech-reading tests originated from the 
United States of America e.g. the QUAH test (Jerger and Jerger, 
1979). As a consequence, they tend to be culture bound and of 
limited use in the United Kingdom. 
The Donaldson lip-reading test (British) uses general 
statements accompanied by a display of 6-9 black and white 
pictures one of which depicts the statement whilst the other 
pictures act as distractors. The distractors vary in influence to 
meet the increasing difficulty of the test. 
Bamford and Wilson (1979) developed 21 British English 
sentence lists: the BKB lists, each containing 16 short sentences 
e.g. "The boy's running away". However, as Markides (1989) 
reports, these sentences were constructed initially for the 
purpose of auditory, rather than lip-reading, assessment. He 
suggests that because these lists were developed for speech 
audiometric purposes their compositions do not necessarily 
reflect the lipreadability of the English language. He argues 
that it may be an erroneous assumption to presume that any 
words or sentence lists, provided they are within the linguistic 
abilities of the individuals tested, are appropriate for lip-
reading assessment. 
The Manchester Speechreading test was developed by 
Markides for the purpose of assessing speechreading ability 
and was therefore carefully constructed to meet criteria 
considered by him to be essential to ensure validity. Lists of 
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common monosyllabic words are provided. As it stands, it 
appears to be a good reliable test (e.g., E1phick, 1984). The 
major problem with this test, and any others of its kind, is the 
method of measuring perception. 
Subjects are required to repeat i.e., . say aloud, the presented 
stimulus. Perception is measured by the score of correct 
words/phonemes for each presentation. This scoring technique 
runs the risk of confusing production skills with those of 
perception. Although Liberman and Mattingly (1985) argue 
that they are each one side of the same module, to date, there 
is no clear evidence of the relationship between production and 
perception. 
In normal development, perception can precede accurate 
production when accuracy is defined as mirroring the adult 
model. Furthermore, it is accepted that very young hearing 
children will use deviant speech feature contrasts to provide 
contrasts between words. It has also been shown that some 
very young children in the initial stages of language learning 
produce reliable speech feature contrasts (e.g., the voiced 
/voiceless distinction) that are too finely discriminated for 
adults to perceive the contrast (Mac ken and Barton, 1980a). 
Profoundly hearing impaired children typically produce speech 
output that lacks good intelligibility. A child may be able to 
perceive accurately a specific speech feature of RP but may not 
be able to produce the same feature i.e., he or she may produce 
one which is inappropriate in terms of normal production or, 
like the infants mentioned previously, may produce a contrast 
which, although real in itself, is indistinguishable to the 
listener. Bird and Bishop (1992) found that some hearing but 
phonologically impaired children, who could not produce 
specific phonemic targets, could discriminate· the same targets 
in an auditory discrimination task. 
So not only does this method of assessing perception ignore the 
fact that perception can precede production, this approach, 
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using speech output to measure perception, works under the 
assumption that a subject is using normal pronunciation. 
This problem could be overcome by using printed forced-choice 
response sheets, a method used by Boothroyd (1984) in his 
auditory speech perception test. However, this methodology 
may present further problems when working with profoundly 
deaf children. It is an accepted fact that the majority of 
profoundly deaf children have relatively poor literacy skills for 
their chronological age compared with hearing children of 
matched age. Scoring perception on the strength of number of 
written words, or phonemes, correctly selected may be 
confusing reading and or spelling knowledge with speech 
perception. Some of the subjects in the present study could be 
disadvantaged by such a scoring method as suggested by their 
spelling age and their performance in the photograph-spelling 
match task. 
These methodological problems could be overcome if a 
pictorial, rather than written, response option is used. Using 
this response technique renders the Manchester speech-
reading test inappropriate. Those word lists were constructed 
to meet study requirements which did not involve pictorial 
representations of stimuli and consequently incorporate 
several abstract noun contrasts. 
None of the tests so far mentioned adequately met the testing 
criteria of the present study so it was necessary to construct a 
test which would provide information on how well a child 
perceives speech independently of speech production, spelling 
or reading skills. 
The Boothroyd study shows that for the level of hearing loss 
experienced by the children in the present study, very little 
auditory information is available. For Claire and Karen, an 
auditory only speech discrimination task could arguably be 
virtually impossible. It is not the aim of this study to expose 
the children to any discomfort, physical or psychological if it 
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can be avoided. With this caveat in mind, it was decided to 
present an audio-visual and a visual only test of speech 
discrimination. 
If children are able to gain from their aided hearing, an audio-
visual presentation should enhance their performance. They 
may be able to hear some at least of the sounds they are 
unable to see. Perception of contrasts featuring voicing and 
manner of production could be enhance by aided hearing. 
If, on the other hand, they do not experience any real gain 
from amplification, they will show no significant difference in 
their perception for either audio-visual or visual only 
presentations. In such instances, it would be predicted that the 
children would be less able to identify contrasts of voicing and 
manner of production. 
The children in the present study underwent a speech 
discrimination test using two presentation methods, audio-
visual and visual only. As true lip-reading is a difficult task 
even for the hearing population, it is assumed that the visual 
only presentation will present the greater difficulties for 
speech discrimination. Therefore, to avoid any problems of 
lack of motivation, possibly engendered through the perceived 
difficulty of the task, all subjects had several trials presented 
audio-visually before any of the visual only trials. 
It was predicted that the children with better linguistic skills 
(measured by chronological-reading age discrepancy and 
intelligibility rating) and evinced phonological awareness 
would perform better on all assessments of speech 
discrimination. 
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8.2 TEST CONSTRUCTION 
The current test of speech discrimination used a direct 
response method. Photograph representations of words were 
used as response stimuli. With the computation of visual 
confusion matrices for initial and final phonemic comparisons: 
high and low visual confusion (GaiJey, 1981), more valid tests 
can be constructed to assess for speech-reading ability. The 
ability of each child to discriminate between contrasts of word-
initial, word-final single phonemes and consonantal clusters 
and vowels will be assessed. Their ability to discriminate 
words which exhibit contrasts reflecting the phonological 
symmetry of English at two places of production: labial (labial 
and labio-dental) and alveolar, also will be assessed. 
Before details of the test construction are presented, it is 
necessary to define the concept of a 'minimal pair' and to 
provide some information on speech features. 
8.2.:1 Minimal Pairs 
A minimal pair is a pair of words which differ by one phoneme. 
For example, wall-ball, mat-map, bed-bud all constitute 
minimal pairs, differing only by one phoneme word-initial, 
word-final and vowel respectively. Some minimal pairs are 
more difficult to discriminate than others because of the 
properties of the phonemes contrasted. Minimal pairs with 
only one speech feature contrasted are generally more difficult 
to discriminate than those with three speech feature contrasts. 
8.2:2 Number And Type Of Speech Features 
There are three speech features that can be contrasted to 
change word meaning in English: voicing, manner of production 
and place of production. 
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Voicing: Sounds produced at the same place in the vocal tract 
can differ in that for one the vocal cords are vibrating (voiced) 
and the other they are not (voiceless). This can be detected 
auditorily in two ways. 1) The time taken for voicing to start. 
Voiceless sounds take longer for this effect. And 2) the 
intensity of the sound. Voiced sounds are less forceful than 
voiceless. 
Manner of production: The egressive airstream is modified by 
the articulators as it passes along the vocal tract. This can 
affect the sound generated. Sounds can be produced as 
plosives, fricatives, affricates and nasals. 
Plosive: Plosive sounds are produced by the articulators being 
closed which creates a pressure build up behind them. They 
are released in a sudden burst. 
example [b], [plo 
Such sounds include for 
Fricative: Fricative sounds are produced when the articulators 
almost close such that the egressive airstream is forced through 
a narrow aperture. This causes a turbulent sound such as is 
associated with the phonemes [f] and [v]. 
Affricate: These are similar to fricatives but involve a glide 
from one sound to another as in the phonemes [dz] and [tJ]. 
Nasals: Nasal sounds are produced by the lowering of the 
vellum, the soft palate at the back of roof of the mouth, on to 
the raise tongue which closes off the front of the mouth. The 
egressive airstream is diverted through the nasal cavity. This 
occurs for such sounds as [n] and [m]. 
Place of production: The energy release which creates the 
sound can occur at various points along the vocal tract. In the 
present study, place of production contrasts are associated with 
the lips (labial and labio-dental), the alveolar ridge (the hard 
ridge behind the top teeth) and the vellum (velar). 
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To describe further the effect of speech features on the 
egressive airstream a sound produced as a plosive can be 
voiced/voiceless and can be produced at any of the places of 
production. The plosive voiced sound [b] is produced as [p] if 
voiceless, as [d] if as an alveolar, as [t] if as a voiceless alveolar, 
as [g] if as a velar and as [k] if as a voiceless velar. 
The sounds [k] and [v] have three speech feature differences. 
The former is a voiceless, velar plosive and the latter a voiced 
labial fricative. This is an example of sound contrast which is 
easy to detect visually compared with a contrast with one 
speech feature only such [b] Vs [plo Therefore some minimal 
pairs are more difficult to discriminate than others. 
8.2:3 Photo-cards 
Photographs are formed into triads to provide a three option 
forced choice response. Each test triad comprises two 
photographs with phonemically similar word cognates (one 
minimal pair) and one photograph with a phonemic ally 
dissimilar word cognate e.g., /wall/-/ball/-/tree/. 
Including the phonemically dissimilar option, facilitates a more 
accurate analysis of speech perception. Immediately it 
increases the odds against a chance result. Furthermore it 
enables a positive assessment of what the child perceives 
rather than only a two-fold right or wrong analysis. For 
example, a child may regularly choose the wrong member of a 
minimal pair which differs in the initial phoneme (confusion 
score) but never, or rarely ever, choose the phonemic ally 
dissimilar option. Such results would suggest that the child is 
capable of perceiving the continuance of a word but can not 
perceive the fine discrimination of the word segment 
contrasted. With the augmentation of context such a child may 
be able to perceive accurately a word which is mis-identified in 
isolation. 
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Equally, if accurate identification, or confusion between the 
minimal pair options, occurs regularly, with few or no 
dissimilar options chosen, it suggests that the child has internal 
representation similar to the normal model i.e., he/she 
recognises that the minimal pair are related. Such information 
would not be available from a less sensitive response method. 
Having constructed the test it was necessary to decide how it 
should be presented. 
8.2:4 Presentation Methods 
Speech-reading tests can be presented in various ways. The 
stimuli can be delivered live i.e., face-to-face or through a 
video-tape recording. There are advantages and disadvantages 
to these presentation forms. 
Live presentation: There are advantages to a live 
presentation. In the face-to-face delivery situation, the 
speech-reader has the opportunity to experience speech in a 
more natural presentation form and the potential to sense any 
extraneous cues to the speech stimuli e.g., breath flow. Such 
factors may enhance performance. 
There are, however, several disadvantages ot this type of 
presentation. Differences, in such factors as gender or accent, 
may confound the study findings. In order to maintain a 
consistent presentation, at only a gross level, it is necessary to 
have the same speaker present for all test occasions. This may 
be impractical and is not guaranteed to be problem free. The 
same individual can be subject to variations in voice control 
over a short period of time. Speech output can be affected by a 
variety of causes such as a head cold or personal worry. 
Furthermore, the speaker has limited ability to maintain a 
consistent intensity for the same target words. It is possible 
that misarticulations may arise which could cause confusion. 
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If a visual only assessment is to be made, a final pointer to 
consider is the difficulty involved in just mouthing, rather than 
speaking, words. Although experienced signers are proficient 
at this task, many hearers find it difficult not to emit some 
sound when mouthing. They also find it difficult to maintain 
natural mouth patterns when mouthing. 
Filmed presentation: There are advantages to using a filmed 
presentation. A video-tape recording of a speaker clearly 
eliminates most of the problems associated with a live 
presentation. Voice consistency for each stimulus will be 
maintained over all presentations. Intensity of presentation 
can be sensitively and systematically selected if desired. 
Production of anyone target within the test· will be visually 
consistent Le., movement of the articulators will be identical for 
presentation of same target. A true no sound presentation is 
possible. 
In effect, a perfect presentation can be given at all times; 
errors will have been edited out in the taping process. This 
will arguably enhance the test technique in at least two major 
ways: elimination of possible confusion through any 
misarticulations and reduction in presentation time which 
would be increased by speech errors. 
There are also disadvantages to the using a video-tape 
recorded presentation. It is necessary to have access to the 
technological equipment required to play the video. Although 
most schools and private families have video-players, access to 
these can not be presumed. Most schools make extensive use 
of such equipment consequently,. it is rarely available. Testing 
using a video-recorder may therefore entail either bringing the 
children to the laboratory for assessment or transporting the 
equipment to the children at home or school. 
The most obvious disadvantage nonetheless is the fact that the 
video-recording provides only a 2-D presentation of speech. 
This is not how children naturally receive speech. However, 
218 
Chapter 8 
studies (e.g., McCormick, 1979 and Elphick, 1984) found no 
obvious drawbacks to using this presentation form despite its 
lack of naturalness. These studies found no significant 
difference on perception performance between live and filmed 
presentations. 
Choice of video-taped presentation: For the reasons proffered, 
it is argued that a video-taped recording of the test stimuli 
provides the better mode of presentation in that a more 
consistent and manageable presentation can be maintained. 
8.3 TEST 1: AUDIO·VISUAL SPEECH DISCRIMINATION 
METHOD 
Subjects: It was not possible to obtain the necessary measures from 
Simon and Thomas for the reasons stated in Chapter 3 so four only of 
the original subjects undertook this task: Andrew, Gary, Claire and 
Karen. Table 8.3:1 shows data so far established for each child. 
Table 8.3:1 
Scores from tests: 
intelligibility and 
all children. 
Tests 
hearing status, I.Q., memory span, 
chronological.reading age discrepancy, 
A G C K 
98dB 105dB 116dB 120dB 
for 
Hearing Loss 
I.Q. grade Low average First Grade Low average Low average 
Immediate memory span 
-phonemically similar 
-phonemicalIy dissimilar 
Intelligibility rating 
Chrono-reading age 
discrepancy 
4 words 
4 words 
100% 
-0:8 
Materials: Word lists 
photographs depicting word 
6 words 
9 words 
52.5% 
-3:6 
3 words 
3 words 
38% 
-4:6 
3 words 
Swords 
19.5% 
-4:5 
of appropriate minimal 
cognates, response booklets 
pairs, 
and a 
video-tape recording of spoken targets are all required. 
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Word lists: Common monosyllabic concrete nouns were 
selected to meet the following criteria: 
1 ) Contrasts of initial and final phonemes (subdivided 
into high and low visual confusability). 
2) Contrasts of initial and final consonantal clusters. 
3) Contrasts of vowels (subdivided into short and long 
monothongs and diphthongs). 
Contrasts were obtained using minimal pairs Le. words which 
differ in one phoneme only e.g., /cat/-/mat/, /man/-/moon/, 
/cloud/-clown/. Complete word lists are presented in 
Appendix 8. For practical purposes of presentation, the word 
list is divided into 3 main lists: session I, session 2 and session 
3 (see Appendix 8) each containing 48 triads. To complete the 
test in one run would be too demanding in terms of duration 
and concentration and may invite further confounding through 
practice effect. Although relatively well balanced for high-low 
visual confusability and position of phonemic contrast, only the 
first 2 sessions contain non-test stimulL 
Each member of the minimal pair within a triad is presented 
twice. The 48 triads of each session are therefore presented 4 
times (See Appendix 8). The order of presentation for each 
part of each session was initially randomised but then that 
sequence of presentation was maintained throughout. This was 
necessary because of the need for conherence between the 
video-recording of targets and triad presentation. 
Photographs: Colour photographs, depicting each word 
cognate, were used to provide the response options (Le. direct 
judgement). The photographs were tested for correct word 
elicitations with two groups of hearing school children. Group 1 
comprised 44 primary school children of both sexes with an 
age range of 7:0 to 10:0. Group 2 comprised 88 high school 
children of both sexes with an age range of 10:6 to 11:6. The 
overall age range of 7:0 to 11:6 was selected in an attempt to 
match the chronological and reading ages of the subjects in the 
present study. 
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There was a highly significant correlation (r=0.904. 
t(l37df)=11.71, p<0.01» between the response accuracy of the 
two groups. Photographs which failed to elicit the same word 
response at first trial, for less than 90% of the total trials were 
eliminated (with 4 exceptions) such that, for hearing children 
even at the younger end of the age range, the photographs 
provided easily recognisable representations of word cognates 
well within their vocabulary range. 
The 4 words retained despite not fulfilling the 90% first 
elicitation accuracy criteria were /spout/, /plank/, /sling/ and 
/cork/. These caused problems mainly for the young children 
only and when the target words were offered (as in fact they 
will be in the test proper) all children knew the words. It was 
decided not to eliminate these words as they provide useful 
contrasts. 
Photographs were selected to form triads, compnsmg two 
photographs with phonemic ally similar word cognates (a 
minimal pair) and one photograph with a phonemically 
dissimilar word cognate e.g., /wall/-/ball/-/tree/. 
The photographs of each triad were joined together and 
encapsulated in plastic to form an easy to handle 'photo-card' 
(27x15 cms) with the appropriate test number taped on. Each 
of the three photographs of a triad were coloured coded. 16 
non-test triads were produced. These comprised 3 
photographs each with phonemic ally dissimilar word cognates. 
Non-test triads (see Appendix 8) were used within eight of the 
test trials as a fillip for those subjects who may find the task 
very difficult. 
There are 154 triads in total. Positioning of the three 
photographs within the triads was alternated randomly to 
avoid any pattern response recognition. 
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Response Booklets: Self-administering response booklets, 
colour coded and numbered for appropriate session and part 
session, were produced for response record. An example is 
presented in Appendix 8. By using colour coding rather than 
written examples subjects were able to record their own 
responses without any interference· from spelling knowledge. 
Each triad had the same sequence of colours. Going from top to 
bottom, the order of target presentation, all vertical 
presentations were colour-coded yellow, blue and red. Going 
from left to right, again the order of presentation, all horizontal 
presentations were colour-coded yellow, blue and red. 
Video: A female with a Midlands accent, was video-tape 
recorded using a Panasonic Camcorder model M7. A head and 
neck only frame was displayed. A blue background provided a 
sharp but non-noisy contrast to the face. The speaker wore 
lightly powdered, red lipstick which emphasised lip-shape. 
This was recommended by W.Daunt (Co-ordinator for the deaf, 
R.N.I.D) who is herself profoundly deaf. 
Each frame opens with the speaker's head in a held down 
position. As the head begins to rise, the appropriate number 
(1-48) for the following stimulus appears in the top left hand 
corner of the screen. Once the speaker has completed the 
word, she resumes the head down position for approximately 6 
seconds before continuing the process. Each part, i.e., 1-4 of all 
sessions, is recorded separately and takes approximately 6 
minutes playing time. 
PROCEDURE 
Practice trials: Each child was given the first 4 targets of 
session 2 part 1 and the last 4 targets of session 1 part 4 as 
practice trials, during which the test requirements were 
explained. These specific triads were chosen for practice since 
4/8 of the triads were non-test triads Le., all word cognates 
were phonemically dissimilar. These were presented one week 
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before the testing proper. All the children understood the 
requirements. 
Test: Each of the 3 sessions of 48 triads was presented 4 
times: Part 1,2,3 and 4. This enabled each member of a 
minimal pair to be presented twice (See Appendix 8 for the 
order of presentation). Test trials, over the 4 parts of the 3 
sessions, were presented randomly save for the one criterion 
that each subject's first presentation was from session 1. This 
ensured that subjects undertook their first test trial some non-
test stimuli in the presentation. 
The triads for each session part were numbered appropriately 
1-48 before each trial. Numbers were taped at the top of the 
triads to facilitate presentation. Researcher and or subject 
could see at a glance whether a photo-card should be viewed as 
a landscape (horizontally) or a portrait (vertically) by the 
position of its number. 
Stimuli were presented free field. As this study was not 
interested in establishing thresholds, the children wore their 
hearing aids at their usual setting and adjusted the video sound 
output to their preferred listening level. Presentations were 
always conducted in isolation in quiet rooms with limited 
reverberation. 
Before a stimulus was presented, the child was permitted to 
scan the appropriate photo-card. The word was then spoken 
and the child selected which photograph of the triad depicted 
the target. For example with the spoken stimulus /back/, the 
child must choose from the triad: /bat/-/back/-/cloud/ and 
then tick the box in the booklet adjacent to the corresponding 
colour of his/her photograph choice. 
Initially, the researcher controlled the video-player, stopping it 
at the end of each word presentation and waiting until the 
child had made a response before continuing with the task. 
Once fully familiar with the process, subjects were permitted to 
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undertake this aspect of the test if they so desired and the 
video-tape was stopped between presentations only when 
requested or if there was some indecision and a longer pause 
was required. The 6 seconds interval generally provided 
sufficient time for the children to work at a comfortable pace. 
Although rarely required, subjects were allowed to have one 
repeat of any presentation if this was requested. Repeats were 
logged discretely by the researcher. 
Twelve response booklets were completed by each subject. 
To minimise practice effect, an interval of at least 1 week 
elapsed between presentations of the same session. Each part 
of a session takes between 6-10 minutes to complete. These 
short presentations have proved successful in terms of gaining 
support from teaching staff. Teachers are quite willing to allow 
a pupil to miss such a short period of their school lesson. Tests 
which take longer invariably mean the child loses a whole 
lesson of which neither staff nor children fully approve. 
RESULTS 
All scores related to non-test stimuli are excluded from the 
overall analysis. The total presented targets (576) are 
therefore reduced (564) in the analysis. The breakdown of 
total number of target types, number and type of features 
contrasted for both consonantal and vowel contrasts are in 
Appendix 8 (Tables 8a-8c). 
Table 8.3:2 shows overall scores for the audio-visual speech 
discrimination task. As the data in this table suggest, all 
subjects were able to perform this task relatively well. 
Average overall scores ranged from 81-95% accuracy. 
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Table 8.3:2 
Total accuracy scores 
Initial 
Final 
Initial cluster 
Final cluster 
Short mono thongs 
Short-long monothongs 
Long-long mono thongs 
Short mono-diphthong 
Long mono-diphthong 
Diphthongs 
Total score averaged across 
Chapter 8 
in percentages 
A G 
98 83 
90 75 
89 75 
93 71 
100 95 
94 88 
100 100 
92 71 
100 100 
100 100 
categories 95 86 
Phonemically dissimilar* 1* 14* 
(except·) 
c 
80 
81 
81 
64 
85 
84 
98 
92 
96 
90 
85 
5* 
Note: Phonemically dissimilar scores' are actual scores. 
K 
79 
76 
79 
46 
100 
84 
100 
83 
75 
85 
81 
14* 
Andrew's performance is superior to that of the other children. 
These findings support the prediction that children with better 
speech perception will tend to have better linguistic skills. 
Table 8.3:1 shows intelligibility ratings for all subjects. 
However, Karen, who is shown to have possible phonological 
awareness, has performed less well. 
There is considerable difference in performance across the 
different categories tested e.g., all subjects performed better at 
vowel rather than consonantal discrimination and the majority 
performed less well at final consonantal cluster discrimination 
(see Table 8.3:2). 
Consonantal phonemic discrimination: Consonantal phonemic 
discrimination appears to have caused the main problem for 
the children. Assessment under this heading includes the 
ability to discriminate between word-initial, word-final single 
and clustered consonantal phonemes. There are a total of 428 
target presentations for these contrasts. Table 8a (Appendix 8) 
shows the breakdown of number of targets per category. 
All children chose significantly more correct targets than target 
cognates and significantly more target cognates than 
phonemically dissimilar non-cognates. Table 8.3:3 shows total 
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scores· for comparison between response type i.e., correct, 
confusion or error. 
Table 8.3:3 
Total target type selected 
Correct Confusion Error Total 
A 401 26 1 428 
G 328 91 9 428 
C 337 88 3 428 
K 312 105 11 428 
When consonantal scores are grouped into initial contrasts (Le., 
initial phonemes and consonantal clusters) and final contrasts 
(Le., final phonemes and consonantal clusters), the performance 
differences are more readily discernible. 
Table 8.3:4 shows grouped initial and final accuracy scores. 
These data suggest that subjects are more able to discriminate 
words which have initial rather than final contrasts but in 
some instances this advantage is very slight. 
Table 8.3:4 
Grouped word-initial and word-final 
Accuracy Scores (Percentages). 
Initial Final 
A 96 90 
G 80 72 
C 80 79 
K 76 69 
Average 
93 
76 
79.5 
72.5 
Initial and final phonemes: As stated above, all children 
performed better at vowel than consonantal discrimination. It 
is good that the children can identify vowel contrasts but for 
complete intelligibility consonantal contrasts need to be 
accurately identified. Consonants convey intelligibility. 
Because of this and the fact that more analytical information is 
available for these contrasts, due to Gailey's confusion matrices, 
data from performances on contrasts of word-initial and word-
final phonemes will undergo a more in-depth analysis than 
contrasts of vowels or consonantal clusters. 
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8.4 INDIVIDUAL A-V RESULTS AND DISCUSSION 
The results for each subject will be described individually 
below. Confusion graphs for word-initial and word-final 
phonemes will be presented for each child. 
Confusion graphs: Because of the scoring method used, it is 
possible to show where misidentification could have occurred 
through confusion or error/guesswork. These errors can be 
depicted graphically. Results have been plotted, for each child, 
to afford a quick view of type of errors occuring. A useful 
heuristic to employ when reading the graphs is that the more 
plain, as opposed to dotted, lines visible the more the 
confusion. 
8.4:1 Interpretation Of Confusion Graphs 
The confusion graphs depict phonemic contrasts used in the 
test by linking the said phonemes using lines. Therefore, only 
sounds that are linked in this way were contrasted in the test. 
The lines linking the sounds may be dotted or plain. Dotted 
lines are the basic lines used to show that the sounds were 
contrasted. The plain lines are used to show where a 
misidentification between contrasts has occurred. 
Where a misidentification occurred, the plain line will have an 
arrow head pointing in the direction of the error e.g., if words 
starting with the sounds [b] and [p] are contrasted and the 
word with the initial [b] is presented but the child chooses the 
word with the initial [p] the arrowhead will point to the [plo 
Where bi-directional errors occur then arrowheads are at 
either end of the plain line. Unless otherwise stated, confusion 
can occur only twice for any contrast. 
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8.5 ANDREW 
Andrew has the best linguistic skills and is apparently the most 
phonologically aware of all subjects. The findings of this task 
support the prediction that he would have the best speech 
discrimination. Andrew's overall speech discrimination was 
very good. Of all targets 533/564 (Le., 94.5%) were correctly 
identified. The non-cognate (Le., phonemically dissimilar) 
target was selected once only. These scores suggest that 
Andrew generally can discriminate between minimal pairs and 
relies very little on guesswork. Such skilled discrimination 
suggests that Andrew may have developed his phonological 
awareness through speech perception. 
However, he was not able to fully discriminate all targets. The 
breakdown of error type in terms of phonemic contrast is 
shown in Table 8.5:1. Targets for the phonemic contrast 
categories are disproportionate so phonemically similar error 
scores (Le., confusion scores) are presented in percentages to 
facilitate comparison. Andrew performed very well at vowel 
discrimination. For vowel contrasts of short monothongs, long 
monothongs, long monothong-diphthong and diphthongs he 
was able to discriminate accurately all targets presented. 
Table 8.S:1Andrew 
Position of phonemic contrast and total errors. 
Percentage scores (except·). 
consonantal phonemes % 
word-initial 2 
word-final ID 
initial cluster 12 
final cluster 7 
vowels 
short monothong 0 
short-long monothongs 6 
long monothong 0 
short mono-diphthong 8 
long mono-diphthong 0 
diphthongs 0 
phonemically dissimilar* I 
Note: 
Phonemically dissimilar score'" is raw score, 
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Possible evidence for the effectiveness of using a non-cognate 
option is provided by the triad /knot-leaf-yacht/. Andrew 
pronounces /yacht/ as [jretI] . It is possible that his 
pronunciation is guided by spelling knowledge (albeit 
incorrect). When presented with the stimulus /yacht/, he may 
have felt forced to choose the target /knot/ because the 
continuance lot] does not marry with either [retJ] or [if]. When 
the stimulus was /knot/, he chose the correct option. 
Only one definite error (Le., non-cognate) occurred. Andrew 
chose the non-cognate option for the target /sling/ with the 
triad /swing-pop-sling/. The word sling did not obtain 
inclusion criterion for the speech discrimination task with the 
younger hearing children. It may be that this apparent error 
has arisen due to unfamiliarity with the target rather than poor 
perception. Both presentations of /swing/ and the second 
presentation of /sling/ were correctly discriminated. 
Misidentified targets are listed in Appendix 8 under subject 
name and category headings. 
Andrew appears to find initial consonantal clusters and word-
final phoneme contrasts the most difficult to discriminate. He 
misidentified 12% and 10% respectively. However, when scores 
are grouped into the following positions: Initial (Initial 
phoneme and initial clusters), Final (final phoneme and final 
clusters) and Vowel (all types of contrast), the data suggest 
that, whilst initial consonantal cluster positioning seems to 
present Andrew with most problems, he· experiences more 
difficulties with final positions in general to initial positions. 
Table 8.5:2 shows the marked difference between performance 
across initial, final and vowel discrimination. Andrew is 
evidently able to discriminate most vowel contrasts in an 
audio-visual presentation. 
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Table 8.5:2 Andrew 
Grouped Initial, Final and Vowel Error Scores 
(Percentages). 
Initial Final Vowel 
Total 4.29 9.88 2.94 
8.5:1 Vowels 
As stated, Andrew is best able to discriminate minimal pairs 
which are contrasting vowels. He has an overall accuracy score 
of 97% for vowel discrimination compared with 96% for 
grouped initial and 90% for grouped final contrasts. 
In total. 14 vowels were used. The majority (10/14) were 
accurately discriminated in all contrasts presented. Therefore 
4 only were misidentified: [::>1. [i1. [re1 and [11. Target words are 
. listed in Appendix 8. All misidentifications of vowels occurred 
for one presentation only. Figure 8.5:1:1 shows these scores. 
described as percentage accuracy to facilitate comparison. 
Figure 8.5:1:1 Andrew 
Misidentified vowels 
I 
100 
90 
80 
70 
60 
50 
D] [i] 
Vowel 
accurac . 
[re] [I] 
Andrew has very good vowel discrimination. However. 
consonants rather than vowels convey intelligibility (Reed. 
1984). From the grouped scores shown in Table 8.5:2. it can be 
seen that Andrew discriminates less well between consonants. 
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8.5:2 Initial And Final Phonemes 
To check if there is a specific problem of consonant 
discrimination, initial and final phonemic contrasts will be 
analysed under the headings: number of speech features 
contrasted, type of speech features contrasted, high and low 
visual confusion and phonological symmetry. 
Number of speech features contrasted: Andrew's ability to 
discriminate appears to gain from the number of speech 
feature contrasts available in the expected direction of the 
normal model i.e., accuracy increases as number of features 
contrasted increase. Table 8.5:2:1 shows the actual count of 
errors with their relative percentage scores for comparison 
between and across feature number and type. Accuracy 
decreased from 97.6% for contrasts of three speech features to 
95.95% for contrasts of two features and further to 89.51 % for 
contrasts of one speech feature only. This difference did not 
quite reach significance (x2(2df)=5.75, ns. {X2(2df)~5.99 p<O.05)). 
When the one feature only, voice, is contrasted, this appears to 
present the most difficulties for Andrew. 14.29% were 
misidentified. However, when other contrasts feature in the 
target, this problem is greatly reduced or possibly eradicated. 
As can be noted from Table 8.5:2:1, Andrew exhibits a 
relatively narrow range of error across the different contrasts 
of one feature only (Range: 14.29-7.69=6.6%). Although his 
performance at discriminating targets of voice only contrasts is 
apparently poor in comparison to that of manner or place of 
production contrasts, it is not significantly different. 
Of targets contrasted by two speech features, only those 
involving contrasts of manner and place of production were 
misidentified. Although not quite reaching significance at the 
required 5% level, Andrew does appear to find some facilitation 
when more than one speech feature is present in the target. 
The next task is to assess more fully which type of speech 
feature contrasts Andrew is more able to discriminate. 
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Table 8.5 :2: 1 
Tl:l!e of Sl!eech Feature: Number and Percentage of errors. 
Feature 1 Feature 2 Feature 3 
No: % No: % No: % 
Total Total Total 
targets 116 targets 148 targets 84 
V 4 14.3 V+M 0 V.M.P 2 2.4 
M 3 8.3 V+P 0 
P 4 7.7 M+P 6 8.8 
Total 
error 11 9.5 6 4.1 2 2.4 
Type of feature contrasted: The speech features contrasted: 
voice, manner and place of production, were grouped such that 
all partitions of each type were accounted for. Grouped voice 
scores for example contain all targets where voicing was an 
aspect of the contrast: 1 feature voice, 2 features voice + 
manner and voice + place and 3 features voice + manner + 
place. Corresponding groups for the other two feature types 
were compiled. Figure 8.5:2:2 'shows differences in speech 
perception accuracy (percentage scores) between the grouped 
speech feature contrasts. 
Voice: There is a total of 192 targets for all partitions 
the voiced/voiceless option (see Appendix 8). 
misidentified only 6/192 Le., 96.9% accuracy. 
involving 
Andrew 
Manner: There is a total of 234 targets for all partitions 
involving contrasts of manner of production. Andrew 
misidentified 9/234 Le., 96.2% accuracy. 
Plac e: There is a total of 234 targets for all partitions involving 
contrasts of place of production. Andrew misidentified 11/234 
Le., 95.3 % accuracy. 
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Figure 8.5:2:2 And re w 
Percentage accuracy across feature contrasts 
100 
9 
Accuracy for speech feature type 
(percentages) 
voice manner place 
Overall word contrasts involving place of production appear to 
be most difficult for Andrew to discriminate unless there is 
only one speech feature contrasted. In such cases 
discrimination involving the voice/voiceless option is the most 
difficult. This finding is surprising as place of production 
contrasts are generally easier to see but more difficult to hear 
(Miller and Nicely, 1955). However, as stated in the 
introduction, if Andrew is able to gain well from aided hearing, 
contrasts of voice and manner of production are relatively easy 
to hear. It is possible that Andrew is receiving sufficiently 
strong auditory input that he is not always attending fully to 
the visual signal. If he was attending fully to the visual signal 
and relying less on auditory input, it would be predicted that 
he would have given more credence to the seen than the heard 
contrast. 
Hearing individuals find problems visually discriminating 
certain speech sounds. Andrew's performance at 
discriminating between initial and final phonemes is analysed 
next to check if he experiences similar confusion. 
High and Low Visual Con/usability: 216 low and 132 high 
visual confusion targets were used. Of the 19 errors accrued in 
the initial/final phonemic contrasts, the majority 12/19 were 
of the low visual confusion category Le., less likely to be 
misidentified by the hearing population on the basis of vision 
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alone. The apparent low visual confusion advantage, is no 
longer evident, however, when comparing percentage scores. 
Andrew obtained 94% accuracy for low visual confusion targets 
as opposed to 96% accuracy for high visual confusion targets. 
Performance difference is not significant. So why is Andrew, 
who is performing almost as a hearer, not getting the full 
advantage of the low visual confusion targets in the expected 
direction? 
There is a probable straightforward answer to this question. 
The confusion matrices are based on true lip-reading skills i.e., 
the hearing subjects who underwent the task for Gailey's 
analysis did not have an audio-visual presentation. Several 
sounds which are difficult to identify through visual analysis 
alone are more easily detected through audition. As stated 
above, it is possible that Andrew gains through audition and 
this is in fact boosting his performance on visually confusable 
targets. 
Figure 8.5:2:3 
Confusion errors for high visual confusion targets 
Inttfal pbone"," 
PLOSNE 
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j r ......................... ~. i i::::: :'::~::::: :.::': :~::::::: ::.~ :,:,:,:,::':',:,:,:,:·:·:ilf····· .. ~ •. --:1 
(~)"""'0 0:.·····0·······0··::::::0 e 0) 
... •••••• ,4 ••••••••••• 
0········0 0"':':"':0 0==*0 
APPROXlNANT FRlCAllVE 
Final PhQneMe' 
PLOSIVE 
AFFRICAl'£ lAruAL 
Figure 8.5:2:3 shows the confusion errors in terms of actual 
sounds confused and manner of production of sounds for all 
initial and final phonemes with high visual confusion. Figure 
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8.5:2:4 shows the confusion errors in terms of actual sounds 
and manner of production contrasts for low visual confusion. 
Instructions for interpreting confusion matrices are presented 
on page 227. 
Figure 8.5:2:4 
Confusion errors for low visual confusion targets 
Initial PMne",,' 
PlOSIVE 
Final phonemes 
PLOSIVE 
As is clear from these confusion graphs, Andrew experiences 
very litde difficulty discriminating between minimal pairs. 
Word initial contrasts of known low visual confusion are all 
accurately discriminated. Confusion from visual analysis of 
speech arises chiefly due to the fact that English is a 
phonologically symmetrical language. Andrew's performance is 
next checked to see how much his skill at speech discrimination 
is confused by this aspect of speech. 
Phonological symmetry: Discrimination of contrasts reflecting 
the phonological symmetry of English were assessed from 
targets representing two places of production: labial and 
alveolar. For both places of production, contrasts were 
presented between voice-voiceless, stop-nasal and fricative-
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nasal options. The following examples fit the categories 
respectively: van-fan, bat-mat and fan-man(Labial) and drain-
train, toes-nose and sail-nail (Alveolar). 
Andrew's performance across these parameters was very good 
(see Figure 8.9: 1, page 261). For all contrasts except that 
involving the labial voice-voiceless option, discrimination was 
100% accurate. 
Conclusion: Andrew has very good speech discrimination. 
With aided hearing, he appears to function almost as a hearer. 
8.6 GARY 
Gary has poorer linguistic skills, as measured by chronological-
reading age discrepancy and speech intelligibility rating, than 
Andrew but better than either Claire or Karen. His 
performance in the immediate memory task suggested that he 
might have access to a phonological code for certain tasks. The 
present assessment shows that he discriminates speech better 
than Karen but less well than Andrew and Claire, though only 
marginally less well than the latter. Gary correctly identified 
447/564 targets (i.e. 79.26% accuracy). If he is using speech 
perception only as a basis for phonological development, it is 
probable that he is receiving insufficient information for a 
robust speech-based inner code even with aided hearing. 
The breakdown of error type in terms of phonemic contrast is 
shown in Table 8.6:1. These are expressed in percentages to 
facilitate comparison. The actual targets misidentified and 
phonemic locus, number and type of speech features contrasted 
are listed in Appendix 8. Gary chose the non-cognate option 
only 14/564 presentations. However, his overall speech 
discrimination was relatively poor. 
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Initial analysis suggests that Gary finds short monothong-
diphthong vowel contrasts and word-final consonantal cluster 
contrasts the most difficult (29% misidentified) to discriminate. 
Table 8.6:1 G a r y 
Position of phonemic contrast and total errors. 
Percentage scores (except·). 
consonantal phonemes 
word-initial 17 
word-final 25 
initial cluster 25 
final cluster 29 
vowels 
short mono thong 
short-long mono thong 
long monothong 
short mono-diphthong 
long monothong-diphthong 
diphthon g 
phonemically dissimilar* 
Note: 
Phonemically dissimilar score" is raw score. 
5 
13 
o 
29 
o 
o 
14* 
However, when scores are grouped (see Table 8.6:2) into Initial 
(initial phoneme and initial consonantal cluster), Final (final 
phoneme and final consonantal clusters) and Vowels (all types), 
the data suggest that word-finally positioned contrasts present 
the most difficulty. Over a quarter (26%) of such targets were 
misidentified. A relatively high percentage of initial contrasts 
(18%) were misidentified whereas only a minority of all vowels 
(9%) were misidentified. 
Table 8.6:2 G a r y 
Grouped Initial. Final and Vowel Error Scores (Percentages). 
Initial Final Vowel 
Total 18 26 9 
8.6:1 Vowels 
With the exception of short monothong-diphthong contrasts, 
Gary is best able to discriminate minimal pairs which are 
contrasting vowels. He has an overall accuracy score of 92% for 
vowel contrasts compared with 79% for grouped initial and 73% 
for grouped final consonantal contrasts. 
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In total, 14 vowels were used. Only 4/14 were accurately 
discriminated at all presentations. Therefore, 10 vowels were 
misidentified: short monothongs [I], [~], re] and [re], long 
monothongs [~], [i], [u] and diphthongs reI], ~1Ij and [aI]. Target 
words are listed in Appendix 8. 
5/10 vowels were misidentified for one presentation only. 
Figure 8.6: 1: 1 shows these scores, expressed as percentage 
accuracy to facilitate comparison. 
Figure 8.6:1:1 Gary 
M i s i d en ti fi e d vowels accurac 
100 
80 
...... 
~ 60 
--~ 40 os .. 
::J 
IJ 
IJ 20 os 
0 
[I] [~ [re] re] [;)] [i] [u] [ell [OU] [all 
vowels 
With the exceptions of [~] and [I], Gary clearly has good vowel 
discrimination. However, it is consonants not vowels which 
generally convey intelligibility. The grouped scores in Table 
8.6:2 show that Gary appears to discriminate consonants less 
effectively than vowels. The next section will assess if this is a 
general or more specific problem. 
8.6:2 Initial And Final Phonemes 
Of Gary's total 117 errors, the majority 69/117 (59%) occurred 
when either word-initial or word-final phonemic contrasts 
were presented. To ascertain if Gary has specific problems 
with speech discrimination, these contrasts will be analysed 
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under the headings: number of speech features contrasted, 
type of speech features contrasted, high and low visual 
confusion and phonological symmetry. 
Number of speech features: Gary's ability to discriminate 
appears to gain from the number of speech feature contrasts 
available in the expected direction of the normal model i.e., 
accuracy increases as number of features contrasted increase. 
When only one feature was contrasted accuracy fell from 88% 
(for three feature contrasts) to 75%. Table 8.6:2:1 shows errors 
both in count and percentage scores across number of features. 
These scores do not quite reach significance at the 5% level 
(x 2(2df)=5.59, p<O.1). Nevertheless, it can be seen that Gary has 
considerable difficulty discriminating between words that 
differ by only one speech feature. 
Table 8.6:2:1 
Tlee of seeech feature: number and % errors. 
Feature 1 I:eature 2 Feature 3 
No: % No: % No: 
Total 116 148 84 
Targets 
% 
V 9 32.1 V+M 16 10.8 V.M.P 10 11.9 
M 16 44.4 V+P 6 4.1 
P 4 7.7 M+P 8 5.4 
Total 
error 29 25.0 30 20.3 10 11.9 
The next part of this analysis assesses if specific types of 
speech feature are more difficult for Gary to discriminate. 
Type of speech feature contrasted: The speech features 
contrasted: voice, manner and place of production, were 
grouped such that all partitions of each type were taken into 
account. Grouped voice scores, for example, contain all targets 
where voicing was an aspect of the contrast: 1 feature voice, 2 
features voice + manner and voice + place and 3 features voice, 
manner and place. The other two features were grouped 
correspondingly. Figure 8.6:2: 1 shows differences in speech 
perception accuracy in percentage scores, between the grouped 
speech feature contrasts. 
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Voice: There is a total of 192 targets for all partitions involving 
the voice/voiceless option as shown in Appendix 8. Gary 
misidentified 47/192 Le.,75.5% accuracy. 
M ann er: There is a total of 234 targets for all partitions 
involving contrasts in manner of production as shown in 
Appendix 8. Gary misidentified 57/234 i.e., 75.6% accuracy. 
Place: There is a total of 234 total targets for all partitions 
involving contrasts in place of production as shown in 
Appendix 8. Gary misidentified 32/234 i.e., 86.3% accuracy 
Figure 8.6:2:1 Gary 
Percentage accuracy across feature contrasts 
feature contrasts 
~ 100 ca 
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'" u 90 u 
ca 80 
CII 70 Cl ca 
.. 60 I: 
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!:! 50 
CII place Co Voice manner 
Gary appears to experience a similar difficulty in 
discriminating between words which involve the 
voice/voiceless option and contrasts in manner of production. 
He shows some improvement in his ability to discriminate 
between words which have place of production contrasts. The 
nature of these errors suggests that Gary is treating this more 
as a visual discrimination than audio-visual discrimination 
task. Place of production contrasts are more easily seen than 
heard whereas contrasts involving the voice/voiceless option 
and manner of production are less easy to see. However, his 
performance across these measures is similar. Accuracy range 
is 86.3-75.5=10.8%. 
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If Gary is not gaining from his aided hearing and thereby 
treating this as a speech-reading task only, then it is predicted 
that he will exhibit target confusion commensurate with that 
experienced by hearers undertaking a speech-reading task. 
The next section assesses target confusion in terms of known 
high and low visual confusion for initial and final phonemes. 
High and low visual confusion: There was a total of 216 low 
visual confusion and 132 high visual confusion targets. 
Gary discriminates better when contrasts are of low visual 
confusion, thus following the normal model of lip-reading as set 
by hearing speechreaders. Of the 77 errors accrued in the 
initial/final phonemic contrasts, the majority (48/77) were of 
the high visual confusion category i.e., more likely to be 
misidentified by all speechreaders. When the scores are 
expressed as percentages i.e., accuracy scores divided by total 
presentations multiplied by 100, this performance difference is 
even more evident. Accuracy for high visual confusion was 
64% compared with 87% for low visual confusion. 
These data suggest that Gary tends to rely on lip-reading for 
speech discrimination. When sounds are not easily visible he 
has problems with discrimination even with an audio-visual 
presentation. It is possible that he is not gaining from aided 
hearing. 
Figures 8.6:2:2 and 8.6:2:3 show the actual confusions 
associated with high and low visual confusion contrasts. For 
interpretation of confusion graphs see page 227. A useful 
heuristic for reading confusion graphs is that the more dotted 
lines visible the less confusion. Evidently, Gary experiences 
confusion across. most parameters. 
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Figure 8.6:~:2 
Confusion errors for high visual confusion targets 
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Figure 8.6:2:3 
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The fact that he experiences such confusion may be mainly due 
to the fact that English is a phonologically symmetrical 
language. This can lead to confusion when an impoverished 
signal is perceived because of the different sounds produced at 
the same place of production. Gary's performance is next 
checked across this aspect of speech. 
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Phonological symmetry: Discrimination of contrasts reflecting 
the phonological symmetry of English were assessed from 
targets representing two places of production: labial and 
alveolar. For both places of production, contrasts were 
presented between voice/voiceless option, stop-nasal and 
fricative-nasal. 
Gary's performance was varied across these parameters (see 
Figure 8.9:1, page 261). His accuracy range was 100-25=75% 
which is an extremely wide performance range. Only contrasts 
of the voice/voiceless option show any similarity (labial 66.67% 
and alveolar 87.5%) i.e., discrimination of both types was 
relatively good. His best score is for labials of fricative-nasal 
contrast but alveolar fricative-nasals are poorly discriminated. 
Using this method of expressing performance highlights serious 
weaknesses in the child's ability. Gary's apparent advantage 
for discriminating contrasts of place of production (see 'Type of 
Speech Features Contrasted') is shown to be tenuous. Holding 
place of production constant, whilst contrasting voicing or 
manner of production, shows that Gary's performance lacks 
balance. He is completely able to discriminate labial fricative-
nasal contrasts but cannot discriminate the same contrasts 
produced at the alveolar ridge. He cannot discriminate labial 
contrasts of stop-nasals but can discriminate these alveolar 
contrasts relatively well. 
It has been shown that Gary is better able to discriminate 
contrasts featuring place of production. This may explain his 
ability to discriminate labial fricative-nasal contrasts. 
Although fricatives occur labially, they are produced more 
specifically as labio-dentals i.e., the teeth of the upper jaw are 
lowered on to the lower lip as in the sound [f]. Gary is able to 
detect this contrast. 
There can be a visible difference between nasal and non-nasal 
contrasts. Sometimes a slight movement of the skin over the 
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nasal bone and or a slight flaring of the nostrils accompanies 
production of nasal sounds but these' are relatively subtle 
movements and not always present. If he uses such subtle 
information for discrimination, then this might explain the 
inconsistency of his performance. 
Such a varied performance ranging from 100-25=75% accuracy 
highlights the problems faced by Gary. 
A· V Summary (Gary) 
Gary has moderately good speech discrimination with aided 
hearing. Only seldom did he choose the non-cognate option, 
suggesting that he has an awareness of the continuance of 
words even if he cannot always discriminate the fine contrasts 
of minimal pairs. He does however seem to experience 
considerable confusion. It is possible that he has developed 
some phonological awareness through speech perception but it 
is unlikely that he is receiving sufficient consistent information 
from this medium alone for the development of a robust 
phonology. 
8.7 CLAIRE 
Claire has poorer linguistic skills, as measured by 
chronological-reading age discrepancy, than Andrew and Gary 
and appears to lack useful phonological awareness.. Because of 
these factors, it was' predicted that her ability to discriminate 
speech would be poorer than that of either of the boys. This 
prediction was not fully supported. Claire correctly identified 
456/564 targets (Le., overall accuracy of 80.85%). Although 
she did not perform as well as Andrew, overall she was slightly 
more accurate than Gary and 5% more accurate than Karen. As 
suggested with Gary, if Claire is using speech perception only as 
a basis for phonological development, it is probable that she is 
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receiving insufficient information for a robust speech-based 
inner code. 
The breakdown of error types in terms of phonemic contrast is 
shown in Table 8.7:1. Targets for the phonemic contrast 
categories are disproportionate so phonemically similar error 
scores are presented in percentages to facilitate comparison. 
Table 8.7:1 
Position of 
Percentage 
consonantal 
word-initial 
word-final 
initial cluster 
final cluster 
vowels 
phonemic contrast 
scores (except·). 
phonemes 
short monothong 
short-long monothong 
long monothong 
short mono-diphthong 
long mono-diphthong 
diphthong 
phonemic ally 
dissimilar· 
and 
20 
19 
19 
36 
15 
16 
17 
8 
4 
10 
4* 
total 
Note: PhonemicalIy dissimilar" scores are raw scores 
errors. 
Claire appears to find word-final consonantal clusters the most 
difficult to discriminate. Overall, she misidentified 36% of all 
such targets. 
However, when scores are grouped into the foIlowing pOSItions: 
Initial (Initial phoneme and initial clusters), Final (final 
phoneme and final clusters). and Vowels (all types), the data 
suggest that whilst final positioning seems to be Claire's weaker 
area, she experiences relatively similar difficulties with initial 
positions too. Final position misidentifications occur for 21.51 % 
of presentations as opposed to 19.89% misidentification of 
initially positioned contrasts (see Table 8.7:2). Grouped vowel 
identification by comparison is relatively good. Only 11.06% of 
all vowels were misidentified. 
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Misidentified targets are specifically listed in Appendix 8 
which also shows the phonemic position, number and type of 
speech features contrasted corresponding to each misidentified 
target. 
Table 8.7:2 
Grouped Initial, Final and Vowel Error Scores 
(Percentages). 
Initial Final Vowel 
Total 19.89 21.51 11.06 
Claire appears to have difficulty with identification of initial 
clusters even when the number of phonemes are different such 
that marked durational cues are also present (e.g., saw-straw). 
As with initial clusters, Claire shows difficulty with 
discrimination between word-final consonantal clusters which 
are contrasted in terms of number of phonemes as well as type 
of phoneme. 
8.7:1 Vowels 
Claire is best able to discriminate words which are contrasting 
vowels. She has an overall accuracy score of 89% for vowel 
discrimination compared with 80% word-initial and 79% word-
final discrimination. 
In total, 14 vowels were used. The majority (8/14) were 
accurately discriminated. 6 only were misidentified: [:)], [re], 
reIl, [el, V\l and [I]. Figure 8.7:1:1 shows these scores described 
as percentage accuracy to facilitate comparison. 
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Figure 8.7:1:1 Claire 
Misidentified vowels accuracy) 
100 
60 f 40 
:;l 20 
o 
[.:>] [1-..] [e] [el] [I] [re] 
The misidentified targets are listed in Appendix 8. 
As stated earlier, consonants rather than vowels convey 
intelligibility. The grouped scores in Table 8.7:2 show that 
Claire has greater difficulty discriminating consonants than 
vowels. The next section wiII assess if this is a general or more 
specific problem. 
8.7:2 Initial And Final Phonemes 
Claire made 108 overall errors of which 70/108, i.e., 65%, 
occurred when either word-initial or word-final phonemic 
contrasts were presented. To assess if there are specific 
problems of discrimination, initial and final phonemic contrasts 
will be analysed under the headings: number of speech 
features contrasted, type of speech feature contrasted, high and 
low visual confusion and phonological symmetry. 
Number of speech features contrasted: Claire' s ability to 
discriminate does not appear to gain fully from the number of 
speech feature contrasts available in the expected direction of 
the normal model. Table 8.7:2: 1 shows the actual count of 
errors with their relative percentage scores for comparison 
between and across feature number and type. 
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Table 8.7:2:1 
Type of Speech Feature: Number and 
Feature I 
No: % 
Total 
targets 116 
V 11 39.3 
M 9 25 
P 8 15.4 
Total 
error 28 24.1 
Feature 2 
No: 
Total 
targe ts 148 
V+M 14 
V+P 3 
M+P 7 
24 
% 
29.2 
9.4 
10.3 
16.2 
Percentage of errors. 
Feature 3 
No: % 
Total 
targets 84 
V.M.P 14 16.7 
14 16.7 
When one speech feature only is contrasted, this appears to 
present the most difficulties for Claire. Accuracy fell from 84% 
for two feature contrasts to 76% (i.e., she is likely to 
misidentify 24% of targets contrasted by only one speech 
feature). 
Three feature contrasts, however, appear to provide no greater 
facilitation than two feature contrasts. Performance for 
discrimination of targets with three feature contrasts is slightly 
less accurate than that for two feature contrasts when totals 
are compared. 
As can be noted from Table 8.7:2:1, Claire exhibits a wide range 
of ability across the different contrasts of one feature only 
(Range: 39.3-15.4=23.9%), suggesting that she finds contrasts of 
place of production easier to discriminate. This difference does 
not quite reach significance (X2(2df)=5.69, p<O.I). 
Her performance range across two feature contrasts also is 
wide (Range: 29.2-9.4=19.8). These scores are significantly 
different (X 2=8.79, with 2df, p<O.02) suggesting that word-
initial word-final contrasts of voice and manner of production 
are the most difficult for Claire to discriminate. As might be 
predicted from her performance on one feature contrasts, 
Claire appears to perform better when place of production 
features in the contrasts. This apparent advantage will be 
checked in the next analysis which studies in more detail 
Claire's performance in terms of type of speech feature. 
248 
Chapter 8 
Type of speech feature contrasted: The speech features 
contrasted: voice, manner and place of production, were 
grouped such that all partitions of each type were taken into 
account. Figure 8.7:2:1 shows differences in speech perception, 
accuracy in percentage scores, between the grouped speech 
feature contrasts. 
Voice: There is a total of 192 targets for all partitions involving 
the voiced/voiceless option as shown in Appendix 8. Claire 
misidentified 42/192 Le., 78.12% accuracy. 
Manner: There is a total of 234 targets for all partitions 
involving contrasts of manner of production as shown in 
Appendix 8. Claire misidentified 43/234 Le., 81.62% accuracy. 
Figure 8.7:2:1 Claire 
Percentage accuracy across feature contrasts 
Cl) 
a>. 
to U 
... to 
C "-
Cl) ::;, 
U U 
"- U 
Cl) to 
a. 
100 
feature contrasts 
voice manner place 
Place: There is a total of 234 targets for all partitions involving 
contrasts of place of production as shown in Appendix 8. 
Claire misidentified 31/234 Le., 86.75% accuracy. 
Claire's performance across these measures is not significantly 
different. However, overall, word contrasts involving the 
voiced/voiceless option are the most difficult for Claire to 
discriminate although there appears to be only a slight 
advantage to word discrimination featuring manner of 
production. These findings suggest that Claire is treating this 
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audio-visual task. This proposition is 
the fact that Claire is best at 
sounds where place of production 
feature in the contrasts. However, her performance in this is 
still relatively poor. Over 13% of targets contrasting place of 
production were misidentified. 
Claire has a very high hearing loss. It is possible that she is not 
gaining from aided hearing. If this is the case, it is predicted 
that she will exhibit target confusion commensurate with that 
experienced by hearers undertaking a lip-reading task. In 
effect, she will have more difficulty discriminating between 
targets shown to have high visual confusion. The next section 
assesses initial and final phonemes for target confusion in 
terms of known high and low visual confusion. 
High and low visual confusion: There was a total of 216 low 
visual confusion and 132 high visual confusion targets. 
Figure 8.7:2:2 
Errors for high visual confusion targets 
Pl.OSIVE 
FRICATIVE 
ANAL 
Pl.OSNE 
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Of the 66 errors of initial/final phonemic contrasts, the 
majority 36/66 were of the high visual confusion category i.e., 
more likely to be misidentified by all lip-readers. The low 
visual confusion advantage is not as evident, however, when 
comparing raw scores as when comparing percentage scores. 
Claire obtained 86% accuracy for low visual confusion targets as 
opposed to 73% accuracy for high visual confusion targets. 
Performance difference is highly significant (X 2=9.54, with Idf, 
p<O.025). 
In effect, Claire's performance reflects that of the hearing 
population in terms of high vs low visual confusion for speech-
reading only. However, Claire's performance suggests that she 
is gaining little from her aided hearing rather than performing 
like a hearing subject. Confusion graphs for targets contrasted, 
in terms of high and low visual confusion, are presented in 
Figures 8.7:2:2 and 8.7:2:3. 
Figure 8.7:2:3 
Errors for low visual confusion targets 
INTtAL TOTAL 
PLOSIVE 
FINAL TOTAL 
PLOSIVE 
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Claire experiences considerable confusion. This may be mainly 
due to the fact that English is a phonologically symmetrical 
language. Claire's performance is analysed next in terms of this 
aspect of speech. 
Phonological symmetry: Discrimination of contrasts reflecting 
the phonological symmetry of English were assessed from 
targets representing two places of production: labial and 
alveolar. For both places of production, contrasts were 
presented between voice/voiceless option, stop-nasal and 
fricative-nasal. 
Claire's performance was varied across these parameters (see 
Figure 8.9: I, page 261). Her accuracy range was 100-
12.5=87.5% which is an extremely wide performance range. 
However, there is more consistency to her performance than 
that of Gary. She had most difficulty identifying contrasts of 
labial stop-nasals. In general, discrimination of labial contrasts 
was superior to that of alveolar. Contrasts involving frication 
seemed relatively easy for her to discriminate (100% accuracy 
for labial contrasts and 75% accuracy for alveolar contrasts) 
thus emphasising the consistency of her performance. 
Although Claire's performance is greatly varied in terms of 
accuracy, it is relatively balanced Le., she discriminates 
similarly between voicing and fricative-nasals across the two 
places of production. The accuracy decrement in the alveolar 
condition can be expected since contrasts featuring this place of 
production are less visible than labials. However, that is the 
extent of the balance, her performance at stop-nasal 
discrimination is poor and does not follow that of the above 
trend. 
Claire has been shown better able to discriminate contrasts 
featuring place of production. Holding place of production 
constant, however, shows how tenuous this apparent advantage 
can be. 
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A-V SUMMARY (Claire) 
Claire has moderately good speech discrimination with aided 
hearing. It is interesting to note that she chose the non-
cognate option three times only. Evidently she can discern the 
overall continuance of words even though she cannot always 
discriminate the finely contrasted speech features of minimal 
pairs. It is possible that she is better able to discriminate 
speech in context. 
8.8. KAREN 
Although Karen has relatively poor linguistic skills, as 
measured by chronological-reading age discrepancy, her skills 
at rhyme judgement show her to have phonological awareness 
for certain tasks at least. It was predicted therefore that she 
would have better speech discrimination than Claire and 
possibly Gary. There was no support for this prediction. Karen 
performed least well of all subjects, though her. performance 
was above chance level. She correctly identified 424/564 
targets (i.e. 75.18% accuracy). As with the other children, of 
the misidentified targets, the majority were target cognates. 
She seems therefore to have good awareness of the overall 
continuance of words but lacks the fine discrimination required 
for accurate identification of minimal pair contrasts. 
The breakdown of error types in terms of phonemic contrast is 
shown in Table 8.8:1. Targets for the phonemic contrast 
categories are disproportionate so phonemically similar error 
scores are presented in percentages to facilitate comparison. 
PhonemicaIly dissimilar error scores are actual scores. 
Karen appears to find word-final consonantal clusters the most 
difficult to discriminate. She misidentified over half of all such 
presentations (see Table 8.8:1). Although considerably less of a 
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problem, word-final contrasts also present difficulties; nearly a 
quarter of these targets were misidentified. 
Word-initial and initial consonantal clusters appear to present 
a similar degree of difficulty for Karen. Performance on 
discrimination of these targets is only marginally better than 
that of word-final discrimination. (21 % and 24% respectively). 
With the exception of contrasts of long monothongs with 
diphthongs which appear to cause considerable confusion, 
vowel discrimination exhibits the overall best performance. 
Table 8.8:1 
Position of 
Percentage 
consonantal 
word-initial 
word-final 
initial cluster 
final cluster 
vowels 
phonemic contrast 
scores (except·). 
phonemes 
short mono thongs 
short-long monothongs 
lorig monothongs 
short mono-diphthong 
long mono-diphthong 
diphthong 
phonemically 
and 
21 
24 
21 
54 
0.1 
16 
o 
17 
25 
15 
dissimilar* (actual score) 14* 
total 
Note: Phonemically dissimilar score* is raw score. 
errors. 
Table 8.8:2 shows scores grouped into the following positions 
Initial (Initial phoneme and initial clusters), Final (final 
phoneme and final clusters) and vowels (all types). This tables 
clearly conveys the vowel discrimination advantage. 
Misidentified targets are specifically listed in Appendix 8 
which also shows the phonemic position, number and type of 
speech features contrasted corresponding to each misidentified 
target. 
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Table 8.8:2 K are n 
Grouped Initial, Final and Vowel Error Scores 
(Percentages). 
Initial Final Vowel 
Total 23.83 31.40 17.65 
8.8:1 Vowels 
As stated Karen is best able to discriminate minimal pairs 
which are contrasting vowels. She has an overall accuracy 
score of 82% for vowel discrimination compared with 76% and 
69% for grouped initials and finals respectively. 
In total, 14 vowels were used. The majority (12/14) were 
misidentified for at least one presentation. Target words 
misidentified are listed in Appendix 8. The 2 correctly 
discriminated vowels were the short monothong re] and the 
long monothong [a]. Figure 8.8:1:1 shows Karen's performance 
at vowel discrimination expressed as percentage accuracy. 
Figure 8.8:1:1 Ka ren 
Misidentified vowels 
100 
... 80 I 60 
~ 40 
~ 20 
\l 
c. 0 
accurac 
[0] [v] [1\] [re] [I] [::l] [r] [u] [i] [el] [~ [all 
vowels 
To reiterate, consonants more effectively than vowels convey 
intelligibility. The grouped scores in Table 8.8:2 show that 
Karen has considerably greater difficulty discriminating 
consonants than vowels. The next section will assess if this is a 
general or more specific problem. 
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8.8:2 Initial And Final Phonemes 
Karen made 140 overall errors of which 88/140 (63%) occured 
when either word-initial or word-final phonemic contrasts 
were presented. To check if there are specific problems with 
discrimination, these contrasts will be analysed under the 
headings: number of speech features contrasted, type of speech 
features contrasted, high and low visual confusion and 
phonological symmetry. 
Number of speech features: Karen's ability to discriminate 
appears to gain, in the expected direction of the normal model, 
from the number of speech feature contrasts available. She is 
better able to discriminate sounds which have more than one 
speech feature contrasted. 
As can be seen from Table 8.8:2:1, Karen shows a wide range in 
her ability to discriminate different types of speech feature 
contrasts which have only one feature contrasted. Performance 
across contrasts of only one speech feature is significantly 
different (X2:17.69, with 2df, p<O.Ol), suggesting that Karen is 
least able to discriminate words contrasted by one speech 
feature only when the contrast involves the voice/voiceless 
option. Word initial and final contrasts featuring place of 
production appear to present less of a problem. 
Performance across contrasts of two features (Le., voice-
manner, voice-place and manner-place) also shows a wide 
range of variability (Range: 37.5-15.63=21.87%). Performance 
across these measures is also significantly different (X 2:9.24, 
with 2df. p<O.Ol), Karen is better able to discriminate sounds 
which are contrasted with the two speech features voicing and 
place of production. Arguably, as it is clear she has problems 
discriminating the voice/voiceless option, the apparent 
advantage for these two features is due chiefly to the presence 
of the place of production contrasts. 
256 
Chapter 8 
The apparent place of production advantage will be checked in 
the next analysis which studies in more detail Karen's 
performance in terms of type of speech feature contrasted. 
Table 8.8:2: 1 Karen 
Tl:l!e of Sl!eech Feature: Number and Percentalle of errors. 
Feature 1 Feature 2 Feature 3 
No: % No: % No: % 
Total Total Total 
targets 116 targets 148 targets 84 
V 13 46.4 V+M 18 37.5 V.M.P 16 19.1 
M 12 33.3 V+P 5 15.6 
P 7 13.5 M+P 17 25.0 
Total 
error 32 27.6 30 20.3 16 19.1 
Type of speech feature contrasted: The speech features 
contrasted: voice, manner and place of production, were 
grouped such that all partitions of each type were taken into 
account. Grouped voice scores for example contain all targets 
where voicing was an aspect of the contrast: 1 feature voice, 2 
features voice + manner and voice + place and 3 features voice 
+ manner + place. The other two feature types were grouped 
correspondingly. Figure 8.8:2:1 shows differences in speech 
perception, percentage accuracy scores, between the grouped 
speech feature contrasts. 
Voice: There is a total of 192 targets for all partitions involving 
the voiced/voiceless option as shown in Appendix 8. Karen 
misidentified 52/192 i.e., 72.92% accuracy. 
Manner: There is a total of 234 targets for all partitions 
involving contrasts of manner of production as shown in 
Appendix 8. Karen misidentified 63/234 i.e., 73.08% accuracy. 
Place: There is a total of 234 targets for all partitions involving 
contrasts of phice of production as shown in Appendix 8. 
Karen misidentified 45/234 i.e., 80.77% accuracy. 
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Figure 8.8:2:1 
Percentage accuracy across feature contrasts 
100 
90 
80 
70 
60 
50 
voice manner place 
Grouping feature type in this way provides clearer evidence of 
the place of production advantage. That Karen is less able to 
discriminate contrasts of voicing and manner of production, 
suggests that she too is treating this as a visual rather than 
audio-visual task. If this is the case, then she should 
experience facilitation from contrasts of known low visual 
confusion. The next assessment checks Karen's performance in 
terms of discrimination of known high and low visually 
confusable targets. 
High and low visual confusion: There was a total of 216 low 
visual confusion and 132 high visual confusion targets. 
Of the 86 errors accrued in the initial/final phonemic contrasts, 
the majority 46/86 were of the high visual confusion category 
i.e., more likely to be misidentified by all lip-readers. When 
the scores are expressed as percentages the low visual 
confusion advantage is even more apparent. Accuracy for high 
visual confusion was 65% compared with 82% for low visual 
confusion. These data suggest that Karen tends to rely on lip-
reading for speech discrimination. When sounds are not easily 
visible, she has problems with discrimination even with an 
audio-visual presentation. 
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Figure 8.8:2:3 
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Figures 8.8:2:2 and 8.8:2:3 show the actual confusions 
associated with high and low visual confusion contrasts. Using 
the heuristic, the more dotted lines the less confusion, it is 
evident that Karen is experiencing considerable confusion, 
especially with high visual confusion targets. 
Karen experiences considerable confusion which, as stated 
previously, may be mainly due to the fact that English is a 
phonologically symmetrical language. Her performance is 
analysed next in terms of this aspect of speech. 
Phonological symmetry: Discrimination of contrasts reflecting 
the phonological symmetry of English were assessed from 
targets representing two places of production: labial and 
alveolar. Although her performance across these parameters 
was varied with a wide range of 100-37.5=62.5% accuracy, 
Karen's performance is relatively balanced (see Figure 8.9:1, 
page 261). 
Discrimination is best with manner of production contrasts of 
fricative-nasal sounds. At both places of production, she 
obtained complete accuracy. Her ability to discriminate the 
voice-voiceless option is quite similar for both places of 
production. She was least able to identify labial and alveolar 
contrasts of stop-nasal manner of production. 
Using this method of expressing performance highlights 
strengths and weaknesses in the child's ability. She is best able 
to discriminate sounds contrasting place of production as 
shown in the preceding analysis. Holding place of production 
constant and varying voicing and manner of production shows 
that Karen's apparent voicing disadvantage can be ameliorated 
to some extent, as suggested earlier, and that the apparent 
manner of production disadvantage may in reality apply more 
to certain manner contrasts (e.g., stop-nasals) only. 
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A- V Summary (Karen) 
Karen has moderately good speech discrimination with aided 
hearing but was the least able of all subjects undertaking this 
task. However, she too chose relatively few (14) phonemic ally 
dissimilar options, suggesting an awareness of the continuance 
of words even though she cannot always discriminate the fine 
contrasts of minimal pairs. It is possible that she is better able 
to discriminate speech in context. Her performance across the 
targets assessed for phonological symmetry suggests that she 
may have a better grasp of this aspect of English than either 
Gary or Claire. She may be gaining some phonological 
information through speech perception but her overall 
relatively weak performance suggests that this would be 
insufficient for the development of a robust phonology without 
input from some other media. As suggested earlier in this 
study, it is possible that Karen has retained some information 
on speech sounds from her hearing infancy. 
8.9 PHONOLOGICAL SYMMETRY: GENERAL RESULTS 
This aspect of English language appears to provide a useful 
insight into the speech discrimination skills of the children. 
The ability to. discriminate between consonantal sounds 
reflecting phonological symmetry offers a useful inter-subject 
comparison. For ease of comparison a chart for each subject is 
produced below (see Figure 8.9:1). 
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Figure 8.9:1 
Phonological Symmetry (Percentage Accuracy) 
Cia Ire 
100 100 
80 80 
60 60 
40 40 
20 20 
0 0 
Labial Alveolar Labial Alveolar 
Andrew 
100 100 
80 80 
60 60 
40 40 
20 20 
0 0 
Labial Alveolar Labial 
Legend: 
BLACK·voice/voiceless; WHITE.stop/nasal; G RE Y -fricative/nasal 
With the exception of Gary, there appears to be some 
consistency to each child's performance, suggesting that 
performance across feature identification holds across place of 
production. Gary's performance is interesting in its total lack of 
balance. His overall performance in the entire audio-visual 
discrimination task is marginally better than that of either 
Claire or Karen and yet they appear to be better able to 
maintain consistency in their discrimination skills. 
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A·V SPEECH DISCRIMINATION: DISCUSSION 
The results of the audio-visual speech discrimination test show 
that these children are all performing at above chance. 
Considering their degree of hearing loss and that they were 
required to discriminate between minimally contrasted sounds 
in isolation, they are generally functioning quite well. 
Andrew is clearly achieving considerably better speech 
discrimination than the other subjects, as would be predicted if 
phonological awareness is derived through speech-reading. 
Whether this has facilitated his speech production or vice versa 
is not clear but the findings do support the correlational studies 
which show a relationship between intelligibility and speech 
perception. Markides (1986) proposed that audio-visual 
perception scores are the best predictors of intelligibility. The 
data from this speech discrimination test show a trend which 
supports Markides' proposal. 
All children are better able to discriminate vowel contrasts. 
This is a general finding with profoundly deaf children. 
Boothroyd (1984) concluded that with a hearing loss up to 100 
dB, it is possible to perceive auditorily contrasts of vowel place 
(front vs back) and that even with a hearing loss in excess of 
115 dB it may be possible to perceive auditorily contrasts of 
vowel height. 
As this was an audio-visual test, subjects could augment their 
visual perception with their auditory perception or vice versa. 
Andrew has a hearing loss of 98dB HL whereas Karen has a 
hearing loss of at least 120dB. It is probable that Andrew is 
gaining through his aided hearing in this the audio-visual 
discrimination task. As was proposed in the individual 
analysis, his performance suggests that he was not treating the 
task as a lip-reading task only. He was the only subject who 
did not score better at the low visual confusion targets in 
comparison with the high visual ones. 
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With the exception of Andrew, all children are better able to 
discriminate sounds contrasted in terms of place of production. 
This may be partly due to the visibility of certain places of 
production. If, as suggested, Andrew is less dependent on 
visual cues alone than the other subjects, this may explain his 
more balanced performance across the grouped features voice, 
manner and place of production. What he cannot hear he can 
see and what he cannot see he may be able to hear. 
Arguably, viewing ability in terms of phonological symmetry 
awareness skills offers the most direct way of identifying 
strengths and weaknesses in audio-visual speech 
discrimination. If children are failing to perceive this 
phenomenon, they may not attempt to use it in their own 
productions which may in turn lead to a phonology that is 
either inadequate (insufficient contrasts) or uneconomical (too 
many contrasts). Attempts to map an asymmetrical phonology 
on to a symmetrical one most probably results in linguistic 
confusion. 
If Andrew is gammg from the concurrent auditory presentation 
in this audio-visual speech-reading task, his performance 
should show a decrement in the next, visual only. speech 
discrimination task: Test 2. On the other hand, if the other 
subjects are not gammg from aided hearing, their performances 
should show no marked difference. 
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8.10 TEST 2: VISUAL-ONLY SPEECH DISCRIMINATION 
INTRODUCTION 
If some children are more able to discriminate speech sounds 
in an audio-visual presentation because they are gaining from 
their aided hearing, it can be inferred that they have a 
potential linguistic advantage over children who do not enjoy 
such gains. Useful aided hearing provides input from two 
sources. It is possible that those speech contrasts that cannot 
be seen may be heard and vice versa. 
A true lip-reading discrimination task i.e., one in which no 
speech sounds accompany the spoken stimuli, would evince 
any apparent difference in ability. The removal of the auditory 
input should lead to a difference in the nature of errors. Errors 
involving contrasts of voicing and manner of production should 
be expected to increase in number. These sounds are easy to 
hear but hard to see (Miller and Nicely, 1955). 
The children in the present study underwent a visual only 
presentation test to establish a measure of their true lip-
reading skills. It was predicted that Andrew's performance 
only would show a marked decrease due to the removal of the 
soundtrack and that this would be manifested in an increase in 
errors for contrasts of voicing and manner of production. 
METHOD 
Subjects and Materials: The same 4 subjects from Test 1, 
Andrew, Gary, Claire and Karen, participated in this test: 
The photograph-triads from Session 2 only (parts 1-4) of Test 1 
provided the response stimuli. The video-recording for Session 
2 (parts 1-4) with no soundtrack provided the stimuli for 
discrimination. The same response procedure i.e., colour coded 
booklets, was used. 
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PROCEDURE 
The children were cautioned of the possible difficulty at the 
outset of this task. They were informed that no soundtrack 
would be presented. In all other ways procedure was the same 
as that for Test 1. 
RESULTS 
All scores related to non-test stimuli are excluded from this 
analysis. The total test targets (I80) as of Test 1 Session 2 
were presented. For the breakdown of total number of target 
types, number and type of features contrasted for both 
consonantal and vowel contrasts see Appendix 8a. 
It might be expected that if the children are dependent on 
visual analysis only Le, treating the two tasks as the same, they 
may show an increase in performance accuracy due to the 
stated procedural differences and the potential for practice 
effect. 
Tables 8.10:1 and 8.10:2 show the overall Visual Only and 
Audio-Visual results categorised as Correct, Confusion or Error 
scores. 
Table 
Visual 
Total 
A 
G 
C 
K 
8.10:1 
Only: 
target type selected/ISO 
Correct Confusion Error 
157 
134 
146 
143 
20 
38 
31 
31 
3 
8 
3 
4 
Table 8.10:2 
Audio-Visual 
Total target type 
Correct Confusion Error 
174 
144 
144 
136 
5 
29 
35 
41 
1 
7 
1 
3 
It is evident that Andrew and Gary do not perform so well 
when there is no sound-track. Claire and Karen appear to 
perform better at the visual only task, suggesting a possible 
practice effect. However, it should be noted that all subjects 
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made less Errors in the A-V task i.e., chose less non-cognate 
targets. 
If children are treating the two tasks as fundamentally the 
same, the target types misidentified should be similar. On the 
other hand if children are using their aided-hearing to some 
extent at least, the type of targets misidentified should differ. 
This should be reflected in discrimination of targets with 
known high visual confusion (initial and final phonemes). 
There should be an increase in the number of the errors in the 
Visual only test. There should also be an increase in errors 
involving contrasts of voicing and manner of production. 
8.11 ANDREW 
Andrew misidentified 23 targets in the Visual only condition in 
contrast to only 6 misidentifications in the A-V condition. This 
supports the hypothesis that Andrew is treating the two tasks 
differently. In the A-V condition he is able to gain from his 
aided hearing to the extent that he performs at 97% accuracy. 
When there is no sound-track, his accuracy falls by 10% to 87%. 
Table 8.11:1 
Position of phonemic contrast 
Percentage scores "(except *) 
Consonantal phonemes 
word-initial 
word-final 
initial cluster 
final cl uster 
Vowels 
short mono thongs 
short-long monothongs 
long monothongs 
short mono-dipththong 
long mono-diphthong 
diphthongs 
Phonemically dissimilar' 
Visual 
only 
14 
17.5 
8 
19 
8 
12.5 
o 
8 
o 
o 
3 
and 
Note: Phonemically dissimilar score' is raw score. 
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Of the 23 errors in the Visual only condition, 4/23 (17%) only 
were misidentified also in the A-V condition. This provides 
further support for the apparent difference in performance 
between the two tasks. 
However, the difference in this contrast is not as great as this 
statistic suggests because 2 extra misidentifications were of 
like targets. For example, given Ifurl Andrew chose /firstl 
once in the A-V condition but tw ice in the Visual only 
condition. The other like target misidentification involved 
selection of the opposite minimal pair member between the 
two conditions. In effect, it could be said that Andrew 
misidentified 6/23 (26%) like targets in both the A-V and the 
Visual only conditions. 
Scores are now grouped into initial, Final and Vowel error 
scores as in the A-V test (see Table 8.11:2) These scores show 
as expected that Andrew is performing less ably when there is 
no sound-track. However, vowel discrimination suffers 
relatively little with the removal of the sound-track. This is 
not surprising considering Boothroyd's (1984) findings on 
auditory vowel discrimination skills in deaf children. 
Table: 8.11:2 
Grouped Initial, Final 
(Percentages). 
Initial 
Visual only 13 
Audio-visual 1 
and Vowel 
Final 
18 
5 
Type of speech feature contrasted: 
Error Scores 
Vowel 
6 
4 
The type of speech 
features contrasted are grouped as in the A-V test results and 
include the results (percentage scores) for this session from the 
A-V test (see Table 8.11:3). These data provide support for the 
prediction that Andrew would show more errors associated 
with visual analysis only. Place of production contrasts, which 
are easy to see, have remained almost unaltered across all 
contrasts involving this feature. On the other hand, there has 
been a large increase in the errors involving voicing and 
manner contrasts where place of production is not featured. 
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Type of Speech 
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No: % 
Total 
targets 36 
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Feature: Number 
A-V Feature 2 
Test 
% 
Total 
No: 
and 
% 
Percentage of errors. 
A-V Feature 3 
Test 
% 
No: % 
Total 
targets 28 
A-V 
Test 
% 
V 3 37.5 0 
35 10 
o 0 
tar ge ts 40 
V+M 3 25 0 
0.1 0 
o 0 
V.M.P 2 0.1 0 
M 7 
P 0 
Total 
error 10 28 2.8 
V+P 1 
M+P 0 
4 10 0 2 0.1 0 
High and low visual confusion: Analysing the errors in terms 
of initial and final phoneme contrasts of high and low visual 
confusion, shows further differences in performance between 
the two tasks. In the A-V condition, Andrew misidentified no 
initial and only 2 final phonemic contrast. Both of these 
contrasts were from the same minimal pair and of the low 
visual confusion type. By contrast, he misidentified 9 initial 
and 7 final phonemic contrasts in the Visual only task all of 
which are prone to high visual confusion. 
Visual-Only Summary (Andrew) 
Andrew appears to be functioning more like a hearing than a 
deaf child at this task. Clearly he has useful residual hearing 
and gains well from aided hearing. He is not, however, able to 
discriminate fully all targets. It is probable that his speech 
perception, augmented by articulatory feedback, has enabled 
the development of a useful phonology. 
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S.12 GARY 
Gary misidentified 46 targets in the Visual 
contrast to only 36 in the A-V condition. 
only condition in 
This suggests that 
Gary may also be treating the two tasks differently. Accuracy 
fell from 80% in the A-V condition to 74% in the Visual only 
condition. 
Of the 46 errors in the visual only task, 23/46 (50%) were 
misidentified in the two conditions. 8/23 remaining errors 
were also of like targets in that the opposite member of the 
minimal pair or the non-cognate option was selected or the 
same target was misidentified more than once. Therefore, 
Table 8.12: 1 
Position of phonemic contrast 
Percentage scores (except *) 
Visual only 
Consonantal phonemes 
word-initial 23 
word-final 30 
initial cluster 25 
final cluster 37.5 
Vowels 
short monothongs 17 
short-long mono thongs 25 
long monothongs 0 
short mono-dipththong 42 
long mono-diphthong 12.5 
diphthongs 0 
Phonemically 8 
dissimilar" 
and total errors 
Audio-visual 
Consonantal phonemes 
word-initial 20 
word-final 25 
initial cluster 25 
final cluster 25 
Vowels 
short monothongs 17 
short-long monothongs 0 
long monothongs 0 
short mono-dipththong 33 
long mono-diphthong 0 
diphthongs 0 
Phonemically 7 
dissimilar* 
31/46 (67%) target pairs were common to both conditions. 
Gary's performance across the two tasks appears to be more 
similar than initial analysis indicated. 
All initial consonantal cluster contrasts but only 2/6 final 
consonantal cluster contrasts misidentified in the Visual only 
task were common to the A-V condition. It is possible that 
aided hearing does improve Gary's ability to detect the ends of 
words. 
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When scores are grouped into Initial, Final and Vowel error 
scores (see Table 8.12:2), it becomes clear that Gary gains to 
some degree across all contrast positions with an audio-visual 
presen tati on. It is now evident that, with an audio-visual 
presentation, Gary obtains a marked increase in accuracy of 
word-final and vowel contrasts. 
Table 8.12:2 
Grouped Initial, Final 
(Percentages). 
Initial 
Visual only 24 
Audio-visual 21 
and Vowel 
Final 
32 
25 
Error Scores 
Vowel 
21 
12.5 
Type of speech feature contrasted: The type 
features contrasted are grouped as for Andrew 
8.12:3). 
Table 8.12:3 
TIl!e of Sl!eech Feature: Number and Percentage 
Feature 1 A-V Feature 2 A-V Feature 
No: % Test No: % Test 
% % 
Total Total Total 
targets 36 targets 40 targets 
V 4 50 12.5 V+M 6 50 67 V.M.P 
M 7 35 40 V+P 2 16.7 16.7 
P 0 0 0 M+P 4 25 12.5 
of speech 
(see Table 
of errors. 
3 A-V 
No: % Test 
% 
28 
4 14.3 7.1 
Looking at the one feature contrast, voice, in Table 8.12:3, Gary 
appears to be gaining from aided hearing. His inaccuracy 
increases from 12.5% in the A-V presentation to 50% in the 
visual only. Contrasts of voicing are heard easily. This 
apparent advantage does not hold across the different 
partitions involving voicing, with the exception of contrasts of 
three features. There was no decrement in performance across 
targets involving manner contrasts in the visual only task. 
High and low visual confusion: Next the error contrasts are 
analysed in terms of initial and final phonemes of high or Iow 
visual confusion. Scores for these errors in both the visual only 
and A-V tasks are presented in table 8.12:4. It can be seen 
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that Gary performs marginally better across the majority of 
positional contrasts when a sound-track accompanies the 
spoken target, suggesting that he gains from aided hearing. But 
there is not the marked error increase in high visual confusion 
targets as would be anticipated from the lack of auditory input 
in the visual only discrimination task. 
Table 8.12:4 
Initial and final phonemes 
confusion (Error scores) 
Word-initial 
High confusion 
Low confusion 
Word-final 
High confusion 
Low confusion 
Visual 
15 
12 
3 
12 
7 
5 
of high 
only 
and low visual 
Audio-visual 
13 
11 
2 
10 
8 
2 
Visual-Only Summary (Gary) 
Gary's performance appears to be relatively balanced across 
the two tasks in terms of word-initial word-final single 
phonemes. He may be approaching the two tasks using the 
same strategies. However, the increased accuracy for vowel 
and final consonantal cluster contrasts can not be ignored. As 
argued earlier, familiarity with the task, in combination with 
the slant of the procedural instructions, would suppose a 
tendency for Gary to perform better in the Visual Only 
condition. Although he is not gaining as much from his aided 
hearing as Andrew, it is probable that Gary is able to augment 
visual speech perception to some extent with his aided residual 
hearing. 
It is, however, debatable if he could have developed a useful 
phonology through speech perception alone. Although his 
speech is only moderately intelligible, it is possible that he has 
useful speech i.e., that he has sufficiently consistent contrastive 
speech such that articulatory feedback may be used to 
augment the information from speech-reading to derive a 
phonology. 
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8.13 CLAIRE 
Claire misidentified 34 targets in the Visual only presentation 
in comparison to 36 targets in the A-V presentation. This may 
suggest that she is treating the two tasks similarly. Support for 
this proposition can be found in the fact that the majority 
20/34 (59%) of misidentified targets were misidentified also in 
the A-V task. It may be argued that the similarity of error 
performance is not that great. However, of the 14/34 errors 
not found in the A-V condition, 5/14 were extra 
misidentifications of like targets. For example, once in the A-V 
and twice in the Visual only presentations, given /man/ Claire 
selected /mat/. When these 5 extra like target errors are 
added to the original 20 like errors, the similarity of 
performance becomes more obvious. 25/34 (74%) errors were 
the same target type in each condition. 
All errors featuring contrasts of both final phonemes and final 
consonantal clusters misidentified in the Visual only condition 
were misidentified in the A-V condition too. All initial 
consonantal cluster and vowel contrast errors, with the 
exception of one for both cases, were misidentified also in the 
A-V condition. 
12 initial contrasts were misidentified in the Visual only test. 
6/12 were misidentified also in the A-V condition. Of the 6 
dissimilar target errors, there was an equal number of high and 
low visual confusions. In the A-V task, Claire misidentified 11 
initial phonemes; 10/11 were of high visual confusability. 
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Table 8.13:1 
Position of phonemic contrast 
Percentage scores (except *) 
Visual only 
Consonantal phonemes 
word-initial 19 
word- final 15 
initial cluster 33 
final cluster 37.5 
Vowels 
short mono thongs 25 
short-long monothongs 0 
long monothongs 0 
short mono-dipththong 25 
long mono-diphthong 0 
diphthongs 0 
Phonemically 3 
dissimilar* 
and total errors 
Audio-visual 
Consonantal phonemes 
word-initial 
word-final 
initial cluster 
final cluster 
Vowels 
17 
27.5 
33 
31 
short mono thongs 8 
short-long mono thongs 12.5 
long monothongs 0 
short mono-dipththong 17 
long mono-diphthong 12.5 
diphthongs 0 
Phonemically 1 
dissimilar* 
Note: Phonemically dissimilar score" is a raw score. 
There is a difference in vowel discrimination. Contrasts of 
short monothongs are not so easily discriminated without 
auditory input but some contrast errors from the audio-visual 
task were not replicated in the visual only task. Overall there 
is a slight performance decrement without the auditory signal. 
Scores are now grouped into initial, final and vowel contrasts as 
stated for Andrew (see Table 8.13:2) and the marginal increase 
in vowel discrimination error in the visual only condition is 
shown. 
Table 8.13: 2 
Grouped Initial, Final 
(Percentages). 
Initial 
Visual only 21 
Audio-visual 20 
and Vowel Error Scores 
Final Vowel 
21 12.5 
29 10 
Visual-Only Summary (Claire) 
Claire appears to be bringing similar skills to both tasks. She 
does not appear to gain much, if at all, from her aided hearing. 
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Her performance across several tasks suggests that as yet she 
lacks phonological awareness. It is unlikely that she could 
have developed a useful phonology through speech perception 
alone. Her speech was described as relatively unintelligible. It 
is, however, possible that she has useful speech i.e., that she 
has sufficiently consistent contrastive speech to enable 
articulatory feedback to augment the information from speech-
reading to derive phonological awareness but, given that she 
appears to lack this skill, this seems unlikely. 
8.14 KAREN 
Karen made 35 misidentifications in the Visual only condition 
in comparison to 44 misidentifications in the A-V condition. It 
is possible that Karen is treating the two tasks as the same. 
The better performance in the Visual only condition could be 
due to practice effect or to the nature of the procedural 
instructions. The latter may have encouraged her to attend 
more carefully to the presentations. 
18/35 (51 %) of the Visual only misidentifications were 
misidentified in the A-V condition too. A further 10 errors 
related to the like targets but either belonged to a different 
classification of error or the opposite member of the minimal 
pair. Therefore 28/35 (80%) of the errors were common to 
both conditions. 
Contrast errors for initial and final consonantal clusters 
involved the same target pair for both conditions. Only vowel 
errors show any marked contrast across the two conditions. 5 
and 7 were misidentified in the Visual only and A-V conditions 
respectively. This apparent relative similarity of number of 
errors is misleading because there are only 2 targets that are 
common to both presentation conditions. 
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Table 8.14:1 
Position of phonemic contrast 
Percentage scores (except *) 
Visual only 
Consonantal phonemes 
word·initial 
word-final 
initial cluster 
final cluster 
Vowels 
short mono thongs 
short-long monothongs 
long monothongs 
short mono·dipththong 
long mono-diphthong 
diphthongs 
Phonemically 
dissimilar· 
16 
32.5 
17 
31 
g 
12.5 
o 
25 
o 
o 
4 
and total errors 
Audio·visual 
Consonantal phonemes 
word-initial 
word-final 
initial cluster 
final cluster 
Vowels 
short mono thongs 
short-long monothongs 
long mono thongs 
short mono-dipththong 
long mono-diphthong 
diphthongs 
Phonemically 
dissimilar* 
Note: Phonemically dissimilar score' is a raw score. 
20 
25 
42 
50 
17 
o 
o 
17 
37.5 
o 
2 
Scores are now grouped, as described for Andrew, into initial, 
final and vowel contrast errors (see Table 8.14:2). As can be 
ssen there is no general decrement in performance with a 
visual only presentation. Infact, in the visual only condition 
there is a general improvement in discrimination with the 
exception of word-final contrasts. Her skill at discriminating 
final contrasts remains consistent throughout the two 
conditions. It is possible nevertheless that her performance 
may be different across contrasts reflecting known high and 
low confusion targets. 
Table 8.14:2 
Grouped Initial, Final and Vowel Error Scores 
(Percentages). 
Initial Final Vowel 
Visual only 16 32 10 
Audio-visual 24 32 15 
High and low visual confusion: The errors are next analysed in 
terms of initial and final phonemic contrasts of high and low 
visual confusion. Table 8.14:3 shows the scores obtained from 
the Visual only and A-V tasks. There is some inconsistency in 
performance in that word-initials, irrespective of confusability 
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type, are better discriminated in the visual only condition 
whereas word-finals, again irrespective of confusability type, 
are better discriminated in the audio-visual condition. If this 
apparent advantage for final discrimination in the audio-visual 
condition is a real effect of aided hearing is questionable when 
her performance across all types of finals is considered. Her 
skill at discriminating final consonantal clusters was 
considerably better in the visual only condition and, as is 
shown in Table 8.14:2, when errors of final contrasts are 
grouped, there is no difference in performance between the 
two tasks. 
Table 8.14:3 
Initial and final phonemes 
confusion (Error scores) 
Word-initial 
High confusion 
Low confusion 
Word-final 
High confusion 
Low confusion 
of high and 
Visual only 
10 
8 
2 
13 
7 
6 
low visual 
Audio-visual 
13 
10 
3 
10 
6 
4 
Visual· Only Summary (Karen) 
These scores lend further support to the suggestion that Karen 
is likely to be using the same strategies for each task. It is 
argued that Karen's ability to discriminate speech is not 
facilitated by the wearing of aids. 
Her performance across these two tasks raises a question about 
the wearing of aids. It has been observed during this study 
that some children seem to assume that the wearing of aids 
reduces their need to maintain visual concentration. This is an 
area that begs research. Research into the misuse of hearing 
aids has tended to focus on lack of maintenance, willingness to 
wear the aids and so on. It may be important to check if the 
wearing of aids can impact on the behaviour of children in the 
way mentioned above. 
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Karen's rhyme judgement skills suggest that she has 
phonological awareness. As with Gary and Claire, it is unlikely 
that she could have developed a useful phonology through 
speech perception alone leastways through her present speech 
perception skills. It must be remembered, however, that Kaien 
had normal hearing in early infancy. She may have retained 
some awareness of the phonological structure of English. Her 
speech was described as relatively unintelligible but this may 
be more useful than such an assessment suggests. She may 
have sufficiently consistent contrastive speech such that 
articulatory feedback may augment the information from 
speech-reading to enable a phonology to be derived or 
maintained. 
VISUAL-ONLY GENERAL CONCLUSIONS 
Two main points have been established by the use of this 
second test of speech discrimination. Firstly, deaf children with 
similar average pure-tone hearing loss do not necessarily enjoy 
the same degree of aided hearing. This impacts on their ability 
to perceive and discriminate speech. 
Secondly, and stated with caution, it is possible that the 
enforcement of wearing of aids, where no apparent gain is 
occurring, may lead to a reduction rather than an increase in 
speech discrimination. This may be due in part to the fact that 
the children 'know' they are receiving more sound and 
therefore consider they can afford to concentrate less on the 
visual message. On the other hand, it is possible that 
amplification may serve only to increase the already distorted 
signal. 
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8.15 A·V AND VISUAL· ONLY SPEECH DISCRIMINATION TESTS 
GENERAL DISCUSSION AND CONCLUSIONS 
Using the test constructed for this study, a general and more 
detailed assessment of ability has been established without 
recourse to spelling/reading knowledge or intelligible speech. 
The inclusion of the phonemically dissimilar option facilitated a 
more accurate analysis of errors. It was possible to identify 
where subjects were confused by, rather than guessing at, the 
targets. 
All children performed well above chance level. The 
phonemically dissimilar option was rarely chosen by even the 
relatively less able of the children. Andrew appears to 
function more like a hearing child and this becomes fully 
apparent when there is no sound-track. Gary performed less 
well in the visual-only presentation, suggesting that he too 
does gain from his aided hearing but only in terms of vowel 
and final consonantal cluster discrimination. Neither Claire nor 
Karen appear to gain from their aided hearing. However, the 
girls do have a greater hearing loss than either of the boys, 
though all children are classified as profoundly deaf in terms of 
their pure-tone audiograms. 
These tests show that to obtain optimum information on a deaf 
child's speech perception, it is necessary to provide both an 
audio-visual presentation and visual only presentation. Deaf 
children often need to operate in both conditions because 
hearing aids frequently malfunction. 
We know that Andrew has the best all round linguistic skills, 
Gary has the next best reading skills and the possibility of 
phonological awareness as suggested by the possible 
interference of phonemic ally similar material in the memory 
task. Claire has poor language skills with the exception of 
spelling but, following careful analysis, this skill too is shown to 
be at a relatively unsophisticated level. Karen has the poorest 
language skills but does appear to have access to phonology to 
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aid such tasks as rhyme judgement and possibly for processing 
material in immediate memory. 
Andrew's performance suggests that he may have derived his 
phonological awareness through speech-reading. He is able to 
discriminate 97% of targets in the audio-visual presentation. It 
is possible that Karen and Gary have also derived phonological 
awareness in this way, augmented to some extent, at least in 
the case of Karen, by information gained through sign. They 
are' able to discriminate 76% and 80% of targets respectively. 
However, Claire, who was shown to have the least phonological 
awareness also was able to discriminate 80% of targets in the 
audio-visual presentation task. Why then has she not got 
greater phonological awareness than Karen? 
As suggested earlier, it is probable that deaf subjects draw on 
information from varied sources to aid in the development of 
phonology. So far we have looked at the usefulness of speech 
perception to this skill. As would be expected, speech 
perception does not appear to offer a complete picture to 
explain performance. It is possible that those with apparent 
phonological awareness also use feedback from their own 
speech production to derive phonology. The next chapter aims 
to assess the speech production of each child in more sensitive 
terms than intelligibility. 
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9. PHONOLOGICAL DEVELOPMENT AND SPEECH PRODUCTION 
INTRODUCTION 
It is possible that deaf children amalgamate information from 
at least three sources, visual, auditory and articulatory, as a 
basis for phonological development. Evidence has been 
provided for each child's ability to perceive speech visually and 
audio-visually. The next step is to measure how well the 
children can produce speech and thereby augment phonological 
awareness through articulatory feedback. 
9.1 SPEECH PRODUCTION: CONSISTENCY AND CONTRAST 
Up to this point, the children's speech output has been 
described only in terms of intelligibility. As argued earlier, 
intelligibility as a measure of speech production is very limited. 
It merely serves to show how well the child's speech can be 
understood by the listener. A child who has learned to use 
consonantal contrasts appropriately will have more intelligible 
speech than a child who has not. The very young hearing child 
cannot produce all consonants accurately. Some deaf children 
may produce non-normal speech, others may have normal but 
delayed speech. However, children with relatively non-normal 
but consistently contrastive speech may be able to use their 
speech to augment other media in the development of an 
apparent phonology and thereby improve their linguistic 
performance in such tasks as reading and spelling. 
If, as suggested, the deaf child is amalgamating information 
from various sources as a basis for phonological development, 
this could have one of at least two influences on the outcome. 
1) The more the sources of information, the greater the chance 
of reliable information. What cannot be heard may be seen 
and any ensuing shortfalls from these media may be 
augmented by articulatory processes. 2) The more the sources 
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of information, the greater the possibility for confusion. There 
is too little reliable information from a visual analysis alone for 
speech perception. If this is augmented by little, or no, or 
distorted auditory input and little, or no, or non-normal 
articulatory input, the confusion of information could lead to a 
relatively unhelpful phonology. What can be concluded from 
this? 
Visual analysis only of many English sounds leads to confusion; 
the deaf child may receive too little or distorted auditory 
information. These are factors that are beyond the child's 
control. It is suggested here that where the deaf child has 
more tangible control over the incoming information is possibly 
through his or her own productions. 
However, many deaf children are, in terms of normal 
production, virtually unintelligible (Conrad, 1979; Markides, 
1983). Historically, speech therapy aimed to address this 
problem by attempting to shape production to match more 
closely the normal adult model. It is now recognised that in 
doing this certain established contrasts may be lost and that 
this could lead to a reduction, rather than an increase, in 
intelligibility (Fisher, King, Parker and Wright, 1983). It is 
argued, in this study, that this could also increase the 
confusion, in terms of inputs, which, in turn, could reduce the 
usefulness of production in the development of phonology. 
In this chapter a different position is taken on the assessment 
of speech output. It is argued that what may be of greater 
importance to the development of a useful robust phonology is 
the use of sufficient consistent speech contrasts to represent 
the sounds of the native language, in this instance English. The 
consistent contrasts need not mirror exactly the production of 
English, though the closer they do the more efficient and 
effective they will be as tools for phonology to help in such 
processes as spelling (Pattison, 1986). It is possible that the 
apparent lack of phonological awareness in some deaf children 
may reflect over-generalisation or over-assimilation of speech 
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contrasts. Such behaviour would lead to a phonology which 
consists of too many or too few contrasts for intelligibility and 
for effective mapping of the language internally. 
If the child can produce sufficient consistent contrasts to match 
the number of phonemes necessary for English, it is possible 
that he or she may be able to map the language internally and 
be able to develop a speech-based code. The various dialects 
which are used by the hearing population and understood 
(some only after practiced listening) in the United Kingdom 
infer that a phonological code need not rely on RP. What these 
dialects do share, however, is relative consistency. At the 
individual level, intensity and pitch may vary somewhat 
according to sex, mood or environment but there is a consistent 
pattern to the overall spectral output which enables us to 
recognise words or sounds as the same (Fry, 1979). 
To some extent, this may account for why people who live or 
work with deaf children are often able to understand fully, 
what to a lay listener, is a relatively unintelligible child. If the 
child has developed a consistent speech output, the salient 
communicators can adapt their perceptual understanding such 
that they know what set contrasts mean. In normal hearing 
development, early speech output is not perfect in terms of the 
adult model but the phonological errors produced tend to be 
consistent and parents and carers understand the child's 
communications. 
Jespersen (1922) proposed that normal hearing young children 
use a certain system in their sound substitutions and that there 
is justification for referring to 'strictly observed sound-laws'. 
Stampe (1966) refer to these as 'phonological processes' which 
are a universal set 
simplify speech. 
of hierarchically ordered procedures used to 
All hearing infants have the ability to 
simplify speech. From Stampe's perspective, phonological 
development involves the gradual erosion of these simplifying 
processes. Menyuk, Menn and Silber (1986) list these 
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universal processes as: 1) Substitutions, 2) Assimilation and 3) 
Syllable structure. 
There are 4 common substitutions. Stopping: fricatives are 
replaced by a stop consonant e.g., sea [ti]; Fronting: velars and 
palatals are replaced by alveolars e.g., shoe [zu]; Gliding: liquids 
are replaced by glides e.g., lap [jrep]; and Vocalization: syllabic 
consonants are replaced by vowels e.g., apple [apo]. 
Of the proposed assimilation processes, two could apply to the 
speech of the children in the present study. Voicing: 
consonants tend to be voiced before vowels and voiceless at the 
end of syllables e.g., pig [bik]; and Consonant harmony: in Cl V C 2 
contexts, consonants tend to assimilate to each other. Given an 
alveolar Vowel velar, velar assimilation occurs e.g., duck [g"k]. 
Given an alveolar Vowel labial, labial assimilation occurs e.g., 
tub [b"b]. 
There are 2 common syllable structure processes. Cluster 
reduction: Consonantal clusters are reduced to one consonant 
e.g., dress [des]; and Final consonantal deletion: e.g., bib [bi]. 
Young children are able to communicate quite satisfactorily 
within their immediate social circle which begs the question is 
such a sophisticated spoken language, as the adult norm, 
necessary? Clearly, the answer is, yes. We have only to look at 
one type of infant simplification, substitution, to realize that 
such simplification leads to confusion unless restricted to the 
here and now and even then confusion cannot be ruled out. 
For example, the child who uses 'stopping' such that the word 
Iseal is produced as [ti] will have no distinguishing contrast for 
the word Itea/. 
The phonemic contrasts of English convey meaning and are 
essential to provide unambiguous dialogue. The fact that 
young children show consistency in the nature of their 
simplifications before going on to produce consistent adult 
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contrasts shows an implicit awareness of the importance of 
consistency to language use. 
Accepting the apparent value of consistency to language 
production, the speech of the children in the present study was 
assessed for consistency at the word level. It was predicted 
that Andrew would have the most consistent speech because 
his speech more nearly matches the normal hearing model. 
Furthermore, because of their potential phonological 
awareness, it is suggested that Karen and Gary will have more 
consistent speech than Claire. 
9.2 WORD PRODUCTION CONSISTENCY 
METHOD 
Subjects and materials: The 4 subjects from the Speech 
Discrimination tests, Andrew, Gary, Claire and Karen, provided 
speech samples for this test. 
The photo-card triads from the Speech Discrimination tests 
were used as stimuli to elicit speech samples. The photographs 
had been checked for correct elicitation with age appropriate 
hearing children as described in Chapter 8. 
Because it is a common practice for some profoundly deaf 
children to mouth rather than voice some or all sounds in a 
word, it is necessary to have a visual as well as an auditory 
record of speech. The children were audio- and video-taped 
as they worked at a table which was placed in front of a light 
blue background. This colour was chosen to enhance visual 
contrast. The microphone for the audio-tape was fixed in a 
permanent position slightly above and to the left of the 
speaker. The video recorder was a Panasonic Camcorder, 
model M7. 
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PROCEDURE 
All testing took place in a sound-proof room. A large, bright 
flag was hung immediately behind the video recorder. The 
children were asked to look at the flag whenever they spoke. 
The flag was positioned such that when the children looked 
towards it an optimum view of their face and mouth was 
presented. 
A pilot study using 2 young hearing children highlighted the 
need for each child's mouth to be made more distinct if mouth 
patterns were to be studied visually. So all subjects wore a 
light coating of red lip-stick as they worked through the speech 
production task. Objections, from at least the boys, had been 
anticipated. A well-known news-reader from the local BBC 
Television company wrote an open letter to the children 
explaining that he was obliged to wear a smear of lip-stick 
whilst reading the news. This proved very successful. 
Each child was given several practice runs at looking and 
speaking towards the video. This helped them to overcome 
any feelings of discomfort or embarrassment before 
undertaking the task proper. 
The researcher sat alongside and introduced each spoken 
example by initially stating the Session and Part number and 
subsequently by saying and signing the photo-card number. 
The spoken information provided a cue to speech signal to 
ensure accurate identification in the analysis;· whereas the 
signed information acted as a signal to the child to begin to 
speak. This procedure was used at all times except with 
Andrew, where the signed number was substituted by a nod of 
the head. 
The children were asked to name photographs from top to 
bottom in portrait triads and from left to right in landscape 
triads. At each presentation, the researcher pointed to the 
appropriate photograph as a reminder to maintain the required 
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presentation order. It was essential to ensure that this pattern 
of production was continued. Where contrasted minimal pairs 
were highly confusable, it was vital to know the order in which 
they were said. Also, and this cannot be stated strongly 
enough, some productions for all names are so far from the 
normal hearing model that it would be impossible to identify 
them without the confirmation of a set pattern to follow. 
The children were required to 
photograph and then look towards 
target. 
view the appropriate 
the flag and name the 
At least 2 spoken samples of the 183 targets were obtained 
over 3 video-taping sessions per child. One rest period, during 
taping, was implemented as a matter of routine but further 
rest intervals were permitted if requested. 
9.3 AUDIO ANALYSIS OF WORD PRODUCTION CONSISTENCY. 
As an initial assessment, all targets were judged from an audio-
tape presentation by the researcher. The audio- rather than 
video-tape recordings was selected for this analysis because of 
the relative ease with which audio-taped material can be 
dubbed. The decision not to use expert knowledge in this 
assessment was reached because it is considered that 
experienced listeners may be more readily prepared to classify 
speech; more willing to provide a description even when there 
may not be an appropriate description to use. In effect, expert 
listeners may be subject to perceptual set to some degree. 
Listeners who have expert knowledge of deaf speech and 
phonetic transcription may start the task with a degree of 
expectancy and therefore have at the ready a class of sets. 
Like targets from the children's tapes were dubbed together on 
an audio-tape and transmitted through headphones. Speech 
samples were judged as consistent or inconsistent and 
categorized accordingly. Only instances of firmly perceived 
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consistency were grouped under that classification. In effect, 
rather a severe scoring method was employed. This 
assessment provides a simple gross measure of consistency. 
RESULTS 
183 targets were categorized as either being produced in a 
consistent or inconsistent way. Speech patterns for any given 
target do not need to match the normal hearing model of 
production to be classified as consistent. All that is required 
for such a classification is that the same, or apparently same, 
sound patterns are used for all like targets. Table 9.3:1 shows 
the overall scores for consistency. Only Andrew produces more 
consistent than inconsistent targets, 77% of his targets were 
produced consistently. This supports the obvious prediction. 
The performances of the other 3 subjects look rather similar 
but are in fact significantly different (chi square test of 
association, x2(2df)=6.6 p<0.05). 
Table 9.3:1 
Audio analysis of consistency. 
Actual scores !eercentage scores in earenthesis~ 
A G C K 
Consistent 140 (77) 72 (39) 84 (46) 60 (33) 
Inconsistent 43 !23~ 111 !61 ~ 99 !54~ 123 !67 l 
Results from this early analysis suggest that Gary produces less 
consistent speech than Claire, which if consistency is important 
to intelligibility, is surprising because Gary obtained a higher 
intelligibility rating than Claire. When the scores are reviewed 
using a slightly more optimistic scoring method, one which 
includes a third category for targets that differ only relatively 
little, performance differences become even more obviously 
different. Table 9.3:2 shows scores categorized under the 3 
headings: Consistent, Similar and Inconsistent. All children 
clearly produce less definite inconsistent than consistent or 
similar outputs. When Inconsistent targets are compared with 
Similar targets, an interesting factor is revealed. Only 1/42 
(2.33%), 20/79 (20%) and 15/108 (12%) of Andrew's, Claire's 
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and Karen's non-consistent productions, respectively, are 
definitely inconsistent whereas 33/78 (30%) of Gary's non-
consistent productions are definitely inconsistent. 
Table 9.3:2 
Audio analysis of consistency. 
Actual scores !eercen ta !!ies in earenthesis~ 
A G C K 
Consistent 140 (76.5) 72 (39) 84 (46) 60 (33) 
Similar 42 (23.0) 78 (43) 79 (43) 108 (59) 
Inconsistent 1 ! 0.6~ 33 !18~ 20 !l1l 15 ! 8~ 
It is important to consider the nature of the consistent targets. 
Andrew not only produces consistent targets, generally, the 
productions also tend to reflect normal hearing productions for 
like targets. This is not always the case for the other subjects 
assessed. They produce some targets similar to, and some 
targets the same as, the normal hearing model but some targets 
are produced very differently. Although Gary has the lowest 
consistency score, it is possible that he is producing more 
contrasts than either Claire or Karen or that his speech more 
closely mirrors the normal hearing model of production. This is 
suggested because of his perceived better intelligibility by 
inexperienced listeners. 
Karen's consistency measure does not support the suggestion 
that she would have more consistent output than Claire, 
however, it is possible that she may be able to produce more 
contrastive speech output than Claire and that this may be 
instrumental to some degree in the development of phonology. 
It is necessary therefore to assess word samples for contrasts 
of production. If a subject produces the word /bat/ 
consistently does he or she make a definite contrast between 
that word and, for example, the word /mat/ or are both 
minimal pair targets produced similarly? 
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9.4 AUDIO-VISUAL ANALYSIS OF WORD PRODUCTION 
CONTRASTS 
It was acceptable to judge consistency from an auditory 
presentation only because if a subject consistently fails to voice 
a given contrast, but in all other respects maintains 
consistency, accurate assessment of consistency can be 
obtained. Assessment of contrast is not so straightforward. If 
a subject always produces a recognizable contrast between the 
words Icatl and Imatl (i.e., maintains contrast consistency) but 
does not always voice the initial phonemes a contrast would 
not be detected from an auditory analysis only. An audio-
visual analysis, on the other hand, provides evidence of any 
consistent difference in positioning of the articulators. 
Using the video-tape recording of speech output, the researcher 
assessed 137 spoken contrasts of minimal pair targets for 
consistent contrast; a very broad phonetic transcription is 
provided where required. 
RESULTS 
Minimal pairs were judged to have consistent contrast if they 
consistently either sounded or looked different. As with the 
Consistency assessment above, productions need not match the 
normal hearing model. Table 9.4:1 shows the overall total of 
pairs judged as being consistently contrasted. 
Table 9.4:1 
Audio-visual analysis of word 
Actual scores (percentages in 
A G 
Contrast 134 (98) 109 (80) 
No Contrast 3 ( 2) 28 (20) 
contrast 
parenthesis) 
C K 
102 (75) 86 
35 (25) 51 
(63) 
(37) 
This assessment shows a performance trend which reflects the 
intelligibility ratings obtained by the children. As is predicted, 
Andrew's better speech is more consistent and has more 
consistent contrasts. By contrast, Karen, who was judged by 
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the panellists as having very poor intelligibility, has relatively 
less consistent and relatively less consistent contrasts in her 
productions. Gary, Claire and Karen are performing 
significantly different (Chi Square test of association. 
X2(2dO=1O.12, p<O.OI) in terms of consistent contrasts. 
It seems relevant to ask if there is any relationship between 
consistency and contrast scores. This need not be so because a 
subject may consistently use the same sound strings to 
represent more than one word or produce contrasts with 
inconsistent use of sound strings. The sample size is too 
restricted for a systematic correlational analysis. However, as 
Figure 9.4: 1 shows. there appears to be a relationship between 
consistency and contrast. 
Figure 9.4:1 
Relationship between 
speech output of 
respectively (reading 
160 
140 
;:.., 
Col 120 
C 
CJ 
-
100 
'" .-
'" C 80 Q 
Col 
60 
40 
80 90 
word 
Karen, 
from 
100 
consistency and 
Claire, Gary 
left-to-right) 
110 120 
contrast 
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9.5 SPEECH PRODUCTION DISCUSSION 
When we review the speech production so far analysed, there 
seems to be a gradation in performance. Andrew has virtually 
completely intelligible' speech, even in an auditory only 
condition, and generally he produces consistent contrasts of 
words which differ by one phoneme only. On the contrary, but 
with a similar degree of consistency, Claire and Karen have 
virtually unintelligible speech, in an auditory only condition, 
and both produce significantly less consistent contrastive 
speech. This does not lend support to the suggestion that Karen 
would have more useful speech than Claire. Gary's speech 
output is somewhat anomalous. It appears to fit somewhere 
between the two extremes. He has moderately intelligible 
speech. He produces significantly less consistent speech than 
Claire and Karen but significantly more consistent contrasts. 
This says that his output for the same target, for example 
Ibatl, may differ but he will generally make a definite and 
consistent contrast between that word and a similar one, for 
example Icatl, suggesting that he has some awareness of the 
phonemic similarity of such words. 
What does this tell us about the children's behaviour? Firstly, 
we can see that Andrew, in general, is functioning more like a 
hearing than a deaf child. And, secondly, Claire and Karen 
function more as deaf children. All three have a useful and 
systematic language which they use at a sophisticated level to 
receive and convey ideas and information. Andrew uses 
English; Claire and Karen use BSL. The girls' dependence on the 
English language for general communication is far less. 
Andrew is most probably able to derive phonology from 
amalgamating the relatively stable information he receives 
from auditory, visual and articulatory inputs. Claire does not 
appear to have developed a robust phonological awareness and 
this may be due to the paucity of information she receives 
from the same sources despite the potentially stable 
information she may internalise from signing. 
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Karen's phonological awareness may be the result of an 
amalgamation of information from the various sources, like 
Claire, she has good signing skills but her ability to perceive 
and produce speech is relatively poor. It seems more likely 
then that phonological awareness is a residual skill retained 
from her earlier hearing life experience. 
It is Gary's performance that raises most questions. It is 
possible that he has access to phonology to aid certain linguistic 
tasks. He may be amalgamating information from various 
modalities. His speech discrimination is relatively poor. 
Nevertheless, he appears to gain, albeit it only a little, from 
aided hearing so he may have access to some useful auditory 
input to augment visual inputs. His speech is described as 
moderately intelligible so he may have some useful 
articulatory feedback. He uses signing less spontaneously than 
the girls and wants to use speech for communication. He seems 
to be, at least intuitively, aware of the need to make contrasts 
to provide meaning but less aware of the importance of 
consistency. This is interesting considering his discrimination 
of targets reflecting the phonological symmetry of English. In 
that task his performance lacked consistency. It was proposed 
in the discussion of Chapter 8 that if a child lacked awareness 
of the phonological symmetry of English this may have 
implications in terms of their own productions of the language 
which in turn may lead to a phonology that has insufficient or 
too many contrasts. 
generalise contrasts. 
They may over-assimilate or over-
This may be a problem with Gary's speech. If he is attempting 
to use the information from articulatory feedback to augment 
other inputs to derive phonology, this may confuse rather than 
complement the process. It would be interesting therefore to 
know how many contrasts Gary can reliably produce and what 
he is doing that impacts on production consistency? It is 
becoming clear that Gary's speech output requires a more 
detailed and systematic assessment. 
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9.6 GARY'S SPEECH 
Gary appears to have a relatively poor working vocabulary. 
His speech discrimination is relatively good but suggests a lack 
of consistency; a lack of awareness of the phonological 
symmetry of English. His whole word productions also show a 
lack of consistency. 
However, he attempts, and generally produces, normal speech 
feature contrasts; though these do not necessarily reflect 
normal hearing usage for specific targets. He can produce 
contrasts, for consonantal phonemes, of duration, voicing, 
manner and place. He can differentiate vowels in terms of 
height, backness and duration. However, his systematic use of 
such contrasts is not robust. It is possible that he is over 
generalising or over assimilating speech contrasts. That, for 
example, he uses different sounds to convey one discrete 
contrast or that he uses a given consonant to convey more 
sounds than normal English phonology permits . 
It is equally possible that, like young hearers, Gary is 
simplifying his output or that he is making contrasts that are 
too finely tuned for listeners to detect. The possibility that his 
speech production is delayed rather than aberrant, is 
investigated during this analysis. This analysis attempts to 
investigate Gary's speech output in more detail by segmenting 
whole word targets into phonemic contrasts of word-initial, 
word-final and vowel positions. The segmented phonemic 
contrasts are assessed in terms of consistency and where 
appropriate discussed in terms of phonetic production. 
9.6:1 Consonant Production: Initial Phonemes 
The analysis confirms that Gary can produce normal English 
initial phonemic contrasts but that he does not produce all 
phonemes consistently. On at least one occasion, the following 
initial phonemes were produced or mouthed as the normal 
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model: [b], [k], [dj, [f], [g], [d,}], [1], [m], [n], [p], [r], [s], [t], [v], [w], 
U), [z], [tf] and [f]. Table 9.6:1 shows which sounds are rated as 
more and which as less consistent. Gary's production of initial 
phonemes shows more of a tendency towards consistency than 
whole word analysis suggests. As can be seen from table 
9.6:1:1, [h] is omitted on all occasions. Other consonants are 
omitted too as will be discussed next. 
Table 9.6:1:1 
Consistent 
b 
dz 
m 
v 
w 
y 
h (omitted) 
Initial phoneme consistency 
Highly Moderately 
Consistent Consistent 
f I 
d t 
f r 
p n 
S z 
If 
in production 
Highly 
Inconsistent 
g 
k 
Omissions: Gary does not always produce or apparently 
attempt to produce initial consonants. However, the only sound 
which is consistently omitted is rh]. This could be explained by 
the fact that many people with Midlands dialects omit the 
initial [h] in speech. However, Gary's family do not have a 
Midlands accent. He moved to the Midlands when he was 7 
years old. It is possible that he cannot produce this sound. But 
[k] too is omitted in the majority of samples and yet he is 
capable of producing a good example of this sound. 
The next stage in the analysis of word-initial phonemes 
addresses the possibility that Gary's speech may be delayed. 
Delayed speech: Can Gary's speech output be likened to the 
normal hearing young child's developing speech; in effect, is 
Gary's speech delayed? There are two phonological processes 
of simplification of initial phonemes used by Gary that match 
those of the young hearing child: substitution and voicing. 
Taking the latter first, Gary does voice all initial plosives as is 
shown later in this chapter but he does not devoice finals. The 
second simplification process only applies to the fronting of 
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velaric consonants. There is no evidence of 'stopping' or 
'gliding'. 
Fronting of velaric consonants: Gary has a problem with the 
production of velars. For example, a recognisably normal 
hearing production of the phoneme [k] in the word-initial 
position, is realized only 2/66 samples. He rarely uses a 
phoneme. This could be compared to hearing infants. 
velaric 
Velars 
are universally late to be produced which might suggest simply 
that Gary's language is delayed. The hearing infant substitutes 
a more forwardly produced consonant, an alveolar, to 
compensate for the unused velar. There is evidence that Gary 
also substitutes in this way. However, his productions are not 
consistent. 
The word /coat/ provided several speech samples being 
contrasted for both consonants and vowels. This common word 
serves well to highlight the inconsistency of Gary's speech. He 
predominantly, omits the initial [k] as with the majority of 
words beginning with this consonant. If he sounds the initial, 
as stated, generally he substitutes an alveolar. He is heard, and 
seen to use the following alveolar substitutes for the voiceless 
plosive velaric consonant [k] when spoken in the word-initial 
position of the target /coat/. 
1) [1] a voiced lateral alveolar 
2) 
3) 
[n] a voiced nasalized alveolar 
[t/d] a sound which is produced somewhat like a cross 
between [t] and [d] i.e., a voiced/voiceless plosive alveolar. 
Here is evidence of over-generalisation of a specific contrast. It 
seems difficult to understand why such inconsistency should 
occur with a high frequency word such as coat. It is possible 
that Gary's speech production is just delayed and that, given 
sufficient time and word usage, he will develop a more robust 
phonetic realization of this common usage word., 
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There is, however, another factor which seems to be 
influencing his output. This becomes more evident when the 
contexts in which the different elicitations occur are studied. 
We can understand why Gary might substitute a velar sound 
for an alveolar one, hearing infants do this, but why does he 
use different sounds for the same symbol and why does he fail 
sometimes to make a sound? 
Interference from preceding and succeeding targets: Preceding 
and succeeding targets seem to impact on his productions. 
When shown the photo-triad /goat-one-coat/, he says [-oe-] for 
/goat/ but uses a nasalized alveolar substitute for the initial in 
the word /coat/, producing the phoneme [n]. It is probable 
that the preceding nasal plosive occuring in word-final position 
of the word /one/ is creating interference. His output shows 
perseverance. Although he takes a physical break between the 
pronunciation of the words /one/ and /coat/, he continues to 
use the last phoneme sounded. In doing so, he makes a clear 
contrast between the minimally contrasted words goat and coat 
which would not have occurred had he consistently omitted the 
velaric consonant. This could be used as evidence to suggest 
that Gary is aware of the similarity of the minimal pair and the 
need to produce a definite contrast. 
When he can produce one of the minimal contrasts relatively 
easily e.g., [b], he appears to do so and omits the more difficult 
velaric consonant altogether. In the photo-triad /nine-coat-
boat/, his output does not suffer from interference, he simply 
omits the initial [k] in coat. So how robust is the suggested 
interference problem? 
It occurs in other contrasts than just word-initial more 
especially with vowel contrasts. These will be discussed 
shortly but one example which impacts on the production of 
initial phonemes is included here. Presented with the vowel 
contrast photo-triad /wall-coat-cat/, Gary produces the initial 
[k] from the target /coat/ as [I] while the initial [k] in the target 
/cat/ is omitted. Again he is heard and seen to take a definite 
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break between all target words. In this case, it is the vowels 
which are being contrasted so arguably there should be a 
concern to maintain initial sound consistency. The vowels are 
produced accurately and so a contrast would be maintained. 
Yet his production of one member of the minimal pair appears 
to suffer interference from the preceding target. 
Interference from other targets may also result in novel 
production. 
Duration: Gary can make appropriate contrasts of duration but 
he seems prepared also to use this contrast inappropriately. 
For the photo-triad, contrasting an initial consonant with a 
consonantal cluster, /bed-pub-bread/, he pronounced /bed/ as 
!bread/. Then, probably to ensure a contrast, he increased the 
duration, but not the height, 
the actual target /bread/. 
exaggeration of the word. 
of the vowel in his production of 
Thus producing an unusual 
Other than the elongation of the 
vowel in bread, the two words were produced the same. It is 
possible that his production of /bed/ suffered from 
interference. If Gary had scanned the photo-card before 
speaking, the last photograph /bread/ may have caused 
interference with his production of bed. 
Summary: Many initial phonemes are produced relatively 
consistently, reflecting the normal hearing model of production. 
But many are not. It is possible that Gary's speech suffers from 
interference from adjacent targets. If this occurs in connected 
speech, it might offer an explanation for his relatively poor 
intelligibility rating. 
It may also have implications for the development of 
phonology. If Gary is using articulatory feedback in part at 
least to derive phonology, such inconsistency across like targets 
must lead to confusion. The problems evinced with production 
of the initial phoneme [k], means that he has several differing 
productions for such common usage words as coat. He 
experienced some problems discriminating spoken contrasts 
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involving the initial [k]. And what is of more interest is that 
the confusions tend to reflect his production of this phoneme. 
The initial phoneme [k] is misidentified in the speech 
discrimination task when contrasted with [n], [1] and [t] only. 
The other sounds [g], [r], [b], [v], [dz] contrasted with this initial 
phoneme were not misidentified. As can be seen from the 
results of this analysis, Gary generally uses the two sounds [n] 
and [1] and a close approximation of [t] as substitutes for [k] 
when he sounds this target. 
It is possible that Gary is using articulatory feedback in the 
development of phonology. It is of all the more interest then to 
check if a similar effect is discernible in his contrasts of final 
consonants and vowels. The next section assesses the 
segmented speech samples across final phonemes. It might be 
anticipated that more problems will arise here. Final' 
phonemes are often omitted in deaf individual's speech. 
9.6:2 Consonant Production: Final Phonemes 
On at least one occasion, the following final phonemes were 
produced or mouthed as the normal hearing model: [k], [dj, [f], 
[g], [dJ]' [I], [n], ['}], [p], [t], [tf], [0], [v] and [z]. There was a 
considerably higher degree of inconsistency across word-final 
targets in comparison to word-initial. No final phonemes are 
produced with a 100% consistency whereas 7 initial phonemes 
achieved this rating. Only [~] shows relatively high consistency. 
[dj, [1], [n] and [tJ] show moderate consistency. The following 
sounds were never produced consistently: [b], [m], [s], [ks]; nor, 
with the exception of [m] which was produced once 
inappropriately, were they produced as the hearing model. 
One way in which the increase in inconsistency is reflected in 
the output of word-finals is in substitutions. Bi-Iabials are 
used, but not consistently, as substitutes for the following final 
phonemes: [t], [k], [tf], [d]. 
299 
Chapter 9 
Omissions and delayed speech: There was a high degree of 
omission in word-final production. In early language 
development, the hearing child deletes final phonemes in CVC 
type words or syllables. Gary omits many final phonemes but 
no one sound is consistently omitted. 
that Gary's language is just delayed. 
simplification consistently; he appears 
Again, this might suggest 
But he does not use this 
to use it purposefully for 
contrastive effect. As with word-initial contrasts, Gary appears 
to use omissions to maintain contrasts. 
Another method, and arguably a novel one, appears to be used 
to maintain word contrast. This is discussed below. 
Intensity: Intensity is used as a phonemic contrast in English 
to differentiate between such words as /reject/ and /re'ject/. 
The former having an unstressed first syllable used to denote a 
verb whilst the latter has a stressed first syllable used to 
denote a noun. This form of contrast is used relatively little in 
the English language and tends to be used with another form of 
contrast: duration. A stressed sound is produced for a greater 
time span than an unstressed sound. 
There is a suggestion that Gary might be using intensity to 
contrast sounds in a manner that is not commensurate with 
English. Given the photo-triad /bat-back-cloud/ both words of 
the minimal pair are produced as [bre-] but the former is of 
higher pitch and intensity in comparison to the latter. 
Consequently, even with the contrasting final phonemes 
omitted, the 2 words sound different. 
Interference from preceding and succeeding targets: As with 
word-initial contrasts, some final phonemes appear to undergo 
interference from preceding targets. For the contrasts in the 
photo-triad Ilog-map-man/, Gary produces /map/ as [mre-] 
and /man/ as [mrep]. He omits the first final phoneme and 
then produces the final phoneme associated with the first 
target in the second word. This type of production error occurs 
several times within the [mre-] context and clearly leads to 
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confusion. He did not, however, misidentify word-final 
contrasts of [n] and [p] in the speech discrimination task. 
In the triad !bat-bag-shell/, bat is produced as [breI]. This is 
interpreted as interference from the final word which was 
produced as a close approximation to the word /shed/. In the 
speech discrimination task, the final phonemes [t] and [I] were 
not contrasted so it is not possible to make a direct comparison 
with this production. However, the word-final target [t] caused 
considerable confusion in the discrimination task. . This final 
phoneme was contrasted with seven other targets and, in all 
cases, at least one presentation was misidentified; this includes 
two contrasts known to be of low visual confusion. Continuing 
with the production of the aforementioned triad, when the 
words /shell/ and /shed/ are contrasted, the [l] in shell is 
omitted. These contrasts were misidentified for 50% of 
presentations in the A-V speech discrimination task. 
The only final production of [m] occurred inappropriately; again 
possibly through interference from the preceding word. In the 
triad /sack-lamp-back/, back was produced as [brem]. The 
final phonemes [k] and [m] are not contrasted in the speech 
discrimination task so no direct comparison is possible here. 
Summary: The prediction that more problems would arise 
with the production of word-final phonemes was confirmed. 
There was a high degree of omission and inconsistency. 
Further possible evidence that Gary's speech suffers from 
interference from adjacent targets was established. But he 
shows an apparent awareness of the need to maintain contrast, 
even with word positions which he experiences difficulty in 
producing, and he seems prepared to introduce novel 
techniques to achieve this. As with production of word-initial 
phonemes there is some slight indication that Gary's speech 
may be delayed. 
There is some possible evidence of a link between production 
and perception of word-final contrasts but this is is less clear 
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than in the previous assessment of word-initial contrasts. The 
next section assesses the segmented speech samples across 
vowel production. Probably because vowels are easier to 
detect than consonants, deaf children are generally better at 
vowel than consonant production. It is therefore predicted that 
Gary should show greater consistency across vowel production. 
Furthermore if he is able to produce 
might illustrate more fully the 
production and perception. 
9.6:3: Vowel Production 
vowels more readily this 
possible link between 
There is a fundamental difference in vowel, as opposed to 
consonant, production. Vowels are never omitted. Also, in 
general, they are produced accurately, or as very close 
approximations to the normal hearing model. But these too are 
not entirely consistent. Although the following tend to be 
produced correctly, [I] is sometimes produced as [i]; [e] as [a] or 
[eI] and [ae] as [0]. The neutral vowel schwa is more often used 
as a substitute for the vowel in deaf children's speech (Ingram, 
1976). 
Omission is not used as a method to maintain contrast across 
vowel production. Are any of the other methods used by Gary 
in consonant production observed in vowel production? The 
anwer to this question seems to be in the affirmative. 
Duration and intensity: These are utilized as contrasts for 
vowels too. In the triad /pig-knot-peg/, pig is realized as [pig] 
and peg as [pIg]. A contrast is created by elongating and 
increasing the height of the first short vowel. This results in 
clear contrastive productions but absolute semantic confusion. 
Gary appears not to use this type of contrast systematically. In 
the triad /milk-tape-tap/ intensity is coupled with an increase 
in frequency to contrast the member of the minimal pair. 
Interestingly, Gary has problems discriminating between the 
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targets of these minimal pairs in the A-V speech discrimination 
task. 
It seems that Gary may need to employ novel methods to 
ensure production contrast for vowel production. However, 
vowel production generally appears to be more robust than 
consonant production. Because of this, vowel production may 
be less affected, or not affected at all, by interference from 
adjacent targets. The next stage in the analysis assesses for 
interference. 
Interference from preceding or succeeding targets: 
Interference does occur with the production of vowels. In the 
triads /milk-tape-tap/ and /fan-phone-bed/, (both of which 
are confused in the speech discrimination task) tape is realized 
as [trep] and fan as [fol1 n]. This is interpreted as interference 
from the more familiar word. The premise that a less familiar 
word is prone to interference from a more commonly used 
word is questioned when we consider the high usage word 
/bed/. This simple word is also prone to interference as cited 
in the initial phoneme analysis (bed-pub-bread). In the triad 
/bed-bird-stamp/, bed is produced as [bii3d]. This could be 
described as being as close an approximation to the word bird 
as to the word bed. This minimal pair was not confused in the 
speech discrimination task. 
The triad Ibush-peg-book/ provides an interesting example of 
probable interference in relation to the vowel in the 
uncontrasted word /peg/. This is produced as [bu]. Use of the 
initial [b] can be explained; it is a voiced equivalent of [plo Use 
of the vowel [u] is less easy to explain unless interference of a 
special kind has occurred. It is possible that Gary has become 
'fixed' into a rounded lip vowel production mode. To ensure a 
contrast he elongates the vowel and increases height. It is 
tempting to throwaway this interpretation and opt for a 
plausible alternative: Gary is not attempting to say [peg] 
because either he does not know the word or he has an 
idiosyncratic pronunciation of the word. The alternative 
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explanation may be rejected because Gary can produce this 
word as a close approximation to the norm. In the triad Ipig-
knot-peg/, peg is realized as [pIg]. Again it is suggested that 
interference has occurred. But is it sound interference? 
Spelling: It is interesting to consider the possible impact of 
spelling, as well as speech knowledge, on the production of the 
words. All the examples cited in this section could be 
explained by reference to spelling as well as, or in some cases 
better than, speech. Take for example the triad Ifan-phone-
bed/. Having used the word Iphonel for Ifan/, how does Gary 
differentiate between these words? The word Iphonel is 
realized as [potJn]. This more than anything suggests that he is 
using spelling knowledge as well as articulatory knowledge to 
guide his productions and that both media can create 
interference. 
However, perseverance of production does appear to interfere 
with vowels as well as consonants. In the triad Imatch-ball-
bellI the vowel in the word Ibell/, which is generally produced 
correctly in this word, is coloured by an lorl sound. This 
minimal pair was accurately discriminated in the A-V speech 
discrimination task. 
Summary: The prediction that vowel production would enjoy 
less inconsistency was supported. Vowel production is 
considerably more stable than consonant production. There is 
further evidence that Gary's speech suffers from interference 
from adjacent targets; this may be due to articulatory or 
spelling interference. Again Gary shows an apparent 
awareness of the need to make and maintain contrasts between 
targets. 
There is some support for the earlier findings of a possible 
association between production and perception. This is 
emphasised further when the productions are considered. The 
vowels in targets discussed in this section which were 
misidentified in the speech discrimination task do share a 
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commonality. Gary did not make a phonologically useful 
contrast between these targets. The contrast between tap-
tape was one of loudness and pitch; tape was said relatively 
quietly in a relatively low pitch voice. So in the normal hearing 
model of perceived English, these vowels were not different. 
Gary ensured a contrast between fan-phone by contrasting the 
initial consonant; the vowels were produced the same. For the 
minimal pair pig-peg, the vowels were produced differently 
and in the case of [I] accurately but for the wrong target; thus a 
phonologically confusing contrast. 
The production contrast of bed-bird, which was accurately 
discriminated in the speech perception task, differs from those 
mentioned so far. Although his production of bed appears to 
suffer from interference from an adjacent target, he produces a 
phonologically useful contrast. The production of the vowel in 
the word bed, which is generally produced consistently in this 
target, is realised as a diphthong and therefore a useful 
contrast is maintained. 
DISCUSSION 
An important finding in this analysis is that Gary is at least 
intuitively aware of the similarity of words and the need to 
make contrasts. Using the photo-triads to elicit speech, has 
provided evidence of how finely Gary can differentiate 
between words which differ very little phonetically. 
It is evident that Gary can and often does use normal speech 
feature contrasts in his productions. He does not, however, 
always use them appropriately, in terms of the normal hearing 
model, or consistently. Some of the effects in his speech (e.g., 
fronting of initial velar consonants and deletion of final 
consonants) suggest that his speech is delayed. But neither 
simplification is used consistently. 
He appears to use novel contrasts which tend to undermine 
inteIligibility because they are not used in a predictable 
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fashion. Can such arbitrary contrasts provide an adequate 
internal contrast for Gary? . His speech output lacks consistency 
even for simple common words like /bed/, /zip/ and /coat/. 
Within the context of word triads, speech output is prone to 
interference either from the speech features of the words 
contrasted or the spellings. In connected speech if such 
interference applies, it is probable that Gary's speech is 
rendered virtually unintelligible. This may explain why Gary's 
intelligibility rating for words embedded in text was so poor 
across both panels in comparison to his speech in isolation. 
This analysis of segmented speech suggests a possible 
association between speech discrimination and production. If 
Gary is using feedback from his own speech patterns to derive 
phonology, it seems most likely that this could confuse rather 
than complement other, possibly more stable, inputs. 
Gary's speech does not match fully the normal hearing model of 
English but, to reiterate, it does not lack contrasts. This early 
subjective analysis suggests that Gary may be using too many 
contrasts and these in an inconsistent way. However, it is 
possible that, like very young children, Gary is producing more 
systematic contrasts than the listener can detect. A gross 
analysis such as the one undertaken here can detect contrasts 
obtained through such methods as an increase in intensity but 
cannot quantify this type of contrast or any possibly subliminal 
contrasts. 
It is possible to obtain quantifiable information on speech 
production through spectrographic analysis. This method of 
assessment may also facilitate detection of subliminal contrasts 
of voicing such as may be produced in early infancy. Gary's 
speech output will undergo a more detailed assessment using 
spectrographic analysis which is reported in the next section. 
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9.7 GARY'S SPEECH: ACOUSTIC ANALYSIS 
INTRODUCTION 
To balance the subjectivity of the speech production analysis so 
far, there is a need for a more objective method. Speech 
sounds can be described in terms of their acoustic structure as 
well as how they are made (Ladefoged, 1982; Fry 1979). 
Acoustic features of speech can be measured 
spectrographically. The decision to use this form of analysis to 
assess Gary's speech was made in the belief that this 
methodology would be more rigorous and would provide 
information on possible auditory undetectable consistent 
contrasts. 
Spectrographic analysis provides measures of physical events 
in speech in terms of frequency, intensity, formant structure 
(vocal tract resonances) and duration. These measures can be 
represented graphically. In this analysis, speech samples were 
assessed primarily in terms of events in the frequency and 
temporal domains. Temporal analysis provides measures of 
Voice Onset Time (VOT) and vowel duration; frequency analysis 
provides measures of the fundamental and formant structure. 
Temporal Features: Temporal features of speech output are 
used to discriminate between sounds. In normal production, 
with the voiced member of a pair of sounds, vocal cord 
vibration (VOT) begins earlier and lasts longer whereas, for the 
voiceless member, it begins later and last for a shorter duration 
(Fry, 1979). To assess if Gary's speech is differentiated in 
terms of duration, word samples were segmented and 
individual phonemes measured for duration. 
VOT was measured for each initial consonant phoneme. This 
enabled identification of use of voicing, as a contrast. Duration 
of vowels was used to discriminate word-final consonants in 
terms of voicing. In normal production, vowels increase in 
duration preceding a voiced consonant. 
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Frequency Features: Vowels differ according to their formant 
structure. So formant structure is the basis for vowel 
recognition and discrimination and in particular the pattern of 
the first two formants. As speech sounds are made, the shape 
and dimensions of the vocal tract, and consequently the 
frequency response, change. The formants, however, ensure 
peaks in the same frequency region for a given configuration of 
the vocal tract irrespective of changes in fundamental 
frequency. This is why a vowel is identified as the same 
whether spoken by an adult male or a young child (Fry, 1979). 
Equally it explains why using an alteration in pitch without an 
alteration in the shape of the vocal tract is not meaningful as a 
phonetic contrast such as Gary appears to use to contrast some 
targets. Table 9.7:1 shows the mean frequencies of the first 
two formants of English long and short monothongs. 
This important formant structure does not always feature in 
the speech of deaf children. There is a tendency for them to 
produce vowels with the formants grouped closely together 
such that the sounds produced are more like the neutral schwa 
(Ingram, 1976). This reduces intelligibility and the usefulness 
of articulatory feedback if it is used to derive phonology. 
Table 9.7:1 
Mean Frequencies of Fl and F2 
of English vowels 
Fl (Hz) F2 (Hz) 
[i] heed 300 2300 
[I) hid 360 2100 
[e) head 570 1970 
[re ) had 750 1750 
[a) hard 680 1100 
[0) hod 600 900 
[or) hoard 450 740 
[ ) hood 380 950 
[u) who 300 940 
! 1 hub 720 1240 
(From Wells I.C.1962 A study of formants of the pure vowels of British English 
unpublished M.A. Thesis. University of London. 1962. In Fry. 1979) 
In this analysis, the mean fundamental frequency and means 
of the first two formants were obtained for each vowel sound 
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to provide evidence of vowel contrast and consistency. The 
first two formants convey most information. 
Information from the frequency domain cues discrimination 
and identification of consonant phonemes. The most important 
information is derived from rapid changes in the second 
formant frequency: the formant transitions. As well as 
durational cues of VOT, the F2 transitions are used by the 
listener to cue place of production. 
Generally, in the case of plosives, bi-Iabials result in minus 
transitions, velars in plus transitions and alveolars in a very 
small plus or minus transition. Although the hearing listener 
can detect the difference in resonance between nasal and oral 
sounds, the second formant transition is used to cue place for 
nasal sounds in the same way as the plosives described above. 
Initial and vowel F2 's were measured to assess for place of 
production. 
METHOD 
Materials: The same speech samples as assessed in the 
Consistency audio- and the Contrast A-V Tests were used. 
Samples were spectrographically analysed using the speech 
assessment program: Signalyze 2.02 via an Audio-Media board 
to an AppleMacIntosh 11. 
PROCEDURE 
Waveforms for each word were used to establish the time of 
onset and completion of target to provide a measure of whole 
word duration. Subsequently, measures of initial, vowel and 
final durations were obtained. For this analysis a segment was 
established as lasting for as long as no, or minimal, apparent 
colouring from the succeeding or preceding segment was 
present. A spectrograph was created on the screen for each 
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sample under study which was used to compare and measure 
data. 
Duration is measured in miIIi-seconds. Formants were 
measured using extra wide band filtering up to 4000 Hz to give 
a more accurate measure of the child's speech. Children's 
voices tend to be higher so the frequencies that contribute to 
formant resonances are further apart. The wider filter helps to 
make them more visible. Fundamental frequency was obtained 
by narrow band screening up to 2000 Hz. Although 
spectrograms were produced to give a 3-d picture of the 
speech event, all measures were obtained from spectra. 
Measures taken include duration, 
onset and FI & F2. 
VOT Consonant phonemes: 
(initial phonemes), Fo at 
Vowels-monothongs: Measures taken include duration, Fo and 
FI & F2 at .5 duration. 
Vowels-diphthongs: Measures taken include duration, Fo and 
FI & F2 at .25 and .75 duration. 
RESULTS AND DISCUSSION 
TEMPORAL DOMAIN 
It was suggested in the previous analysis that Gary may use 
durational differences to maintain contrasts. To assess if Gary's 
speech is differentiated in terms of duration, word samples 
were segmented and individual phonemes measured for 
duration. 
Initial duration: One way in which Gary's speech may be 
contrasted is in the length of production. Initial phonemes 
were identified and duration recorded in ms. There is 
considerable difference in the duration of initial phonemes. 
Figure 9.7:1 shows duration of Gary's samples for, what in 
normal production are, voiced consonants. These consonantal 
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phonemes mayor may not be realised as the normal model. 
Mean scores refer only to segments where a sound was 
produced. As stated earlier, Gary frequently omits initial 
consonants. 
Figure 9.7:1 
Mean duration of 'voiced' initial phonemes 
150 
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90 
70 
SO 
30 
[b] [d] [g] [dz] [I] [m] [n] [v] [w] [z] 
Figure 9.7:2 shows Gary's speech output in terms of duration 
for, what in normal production are, voiceless consonants. As 
with the voiced consonants, Gary appears to be 
Figure 9.7:2 
Mean duration of 'voiceless' consonant phonemes 
1 SO 
130 
110 
90 
70 
SO 
30 
[k] [f] [p] [J] [5] [t] 
differentiating to some degree between voiceless initials in 
terms of duration. Does Gary use the voicing contrasts as in the 
normal hearing model? 
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Voice/voiceless: In normal production, phonemes differing 
only in contrasts of voice show a durational difference. The 
voiced member of the contrasting pair will have a longer 
duration than the voiceless member. For example, [b]-[p], [d]-
[t], [g]-[k],[z]-[s] and [vHf] can be contrasted in this way. 
Durational comparisons of these targets, shown in Figures 9.7:1 
and 9.7:2, suggest that Gary is not using the voiced/voiceless 
contrast in the majority of his productions. Only the voiced 
phonemes [g] and [v] have a longer duration than their 
voiceless counterpart. It has been established that Gary has no 
consistent production of [k] the voiceless counterpart to [g], 
therefore, it appears that only one of the 5 cited pairs of 
targets [v]-[f] shows normal production differences in voicing 
duration. 
Differences in voicing, in terms of VOT, are also used to detect 
contrasts of place of production. Gary's speech will be assessed 
to see if he can produce sounds at differing places of 
production. 
Voice Onset Time: In normal production, the hearing listener 
discriminates place of production of the plosives [b]/[p]-[d]/[t]-
[g]/[k] by the fact that the VOT boundaries change. VOT 
boundaries get progressively longer values as place of 
production occurs further down the vocal tract. For labials the 
VOT boundary is approximately 23 ms, for alveolars 
approximately 35 ms and for velars approximately 41 ms 
(Lisker and Abramson, 1970). In effect, a labial plosive that 
has a VOT of less than 23 ms will be perceived by a hearing 
listener as a voiced labial [b J. If Gary is making these types of 
contrast, there should be progressively greater VOT's from 
labials-to-velars and longer VOT's for voiceless plosives than 
voiced ones. Figure 9.7:3 shows VOT for the contrasted 
voice/voiceless initial phonemes and for the 3 places of 
production. 
Although Gary varies the length of VOT, he appears to voice all 
of these plosives. This will reduce the discriminability of his 
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outputs but only if the outputs are in all other ways reflections 
of the normal model. In the earlier analysis of consistency and 
contrast, it was made clear that Gary does not always use 
normal production. One consonant phoneme which is especially 
prone to variability is [k]. If Gary is failing to use voicing as a 
contrast, this will reduce his contrastive system greatly unless 
he is able to introduce some other consistent contrast to 
address the short fall. 
Figure 9,9:3 
V OT for voiced/voiceless 
and for differing place 
20 
15 
Cl) 
E 10 Qj 
.s 
'" 5 
0 
[b] [pI [d] [t] 
phoneme 
initial plosives 
of production (mean scores) 
[g] [k] 
Place of articulation: There is a tenuous progression of VOT in 
the direction expected of the normal production model, 
especially for the voiced plosives [b], [d] and [g]. It is possible 
that Gary is making consistent contrasts but that the contrasts 
are of toci short a duration for reliable detection by the listener. 
If this is so, are they also too finely discriminated to be of 
significant use, as part of a contrastive system, for Gary in the 
facilitation of internal mapping? 
Final phonemes: Detection of vOlcmg in final consonant 
phonemes is slightly different to that of initials because 
production differs. One cue to use to discriminate final 
consonants is the slight increase in duration of the vowel 
preceding a voiced final. Gary is not making reliable voicing 
contrasts with initial consonants but it is possible that, even 
where he does not produce the final sound, he may elongate 
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the vowel appropriately. Duration of the vowel [re] preceding 6 
voiced and 6 voiceless final phonemes was measured and 
scores plotted in Figure 9.7:4 Two target samples of each 
contrast were assessed providing 12 samples of voiced and 
voiceless finals. 
Figure 9.7:4 
Vowel duration preceding voiced and voiceless 
consonant phonemes. 
~ 
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123456789101112 
[re] 
Note: Light shade = voiced; Dark shade = voiceless 
Again, there is a lack of consistency. There is no evidence that 
Gary consistently increases the duration of a vowel before a 
voiced final. The duration of vowels preceding voiceless 
sounds are increased as often as those occuring before voiced 
sounds. The inconsistency is highlighted further when the 
word endings are compared. Each pair of finals is assessed 
twice and .plotted adjacent to each other. For example, the 
finals in pair 1 are [g] and [k] for the voiced and voiceless 
contrast respectively; finals in pair 2 are likewise [g] and [k]. 
So as can be seen from Figure 9.7:4, the vowel duration for the 
same -VC is very different. This is not an anomalous score. 
Viewing each 2 pairs of scores will show how varied is Gary's 
production of the same sound in terms of duration. 
Summary: From this analysis of temporal features, it is 
concluded that Gary does not use the voice/voiceless distinction 
usefully as a contrast in his speech output for plosives. Deaf 
children's speech typically shows this dysfunction (Ingram, 
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1976). However, Gary appears to use this speech feature for 
voiced targets but the contrasts are too finely discriminated for 
detection by the normal hearer. This may suggest that his 
speech is delayed as discussed in the earlier analysis. Although 
the use of VOT trends in the direction expected for voiced 
target (see Table 9.7:3) the trend for voiceless targets appears 
distorted in that the velaric phoneme [k] has a shorter duration 
than the alveolar phoneme [t]. However, this may simply 
reflect the inconsistent use of both targets as discussed in the 
previous analysis. 
Gary's speech output is next assessed across the frequency 
domain. 
FREQUENCY DOMAIN 
The mean fundamental frequency and means of the first 2 
formants were obtained for each vowel sound produced by 
Gary. Figure 9.7:5 shows the means of each output for each 
vowel and provides graphical evidence of how similar Gary's 
vowel production is to normal production. 
Normal Production: Following the order of these vowels on the 
chart, the first formant frequency increases as the hearing 
speaker goes from the high vowel [i] to the low vowel [re] and 
decreases as the speaker goes from the low vowel [0] to the 
high vowel [u] (see Table 9.7:1). There is an inverse 
relationship between Fl and vowel height. Gary's vowel 
production generally reflects these properties. 
Gary can and does alter the shape of his vocal tract to make 
good productions of vowels. The earlier analysis reported 
problems of velaric production. Does he make sufficient 
changes in the tract to fully vary place of production and are 
these changes consistent? This will be considered next. 
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F2 Transition cue for place of production: F2 transitions are 
used by the listener to cue place of production. By taking word 
initial F2 from vowel F2. it is possible to measure any changes 
in formant frequency from the onset to the steady state. 
There are F2 transitions in Gary's speech, showing that he is 
able to vary place of production. The 3 kinds of F2 transitions 
are to be found in his output but they are not used consistently 
Figure 9.7:5 
mean frequencies for vowel Fo, Ft and F2. 
(see Figure 9.7:6). For bi-labials generally, he produces the 
expected minus transition. But not always. Even within 
production of the same word, taking F2 transitions as fairly 
strong guides to place of production, Gary produces the 
consonant [b] as a bi-labial, alveolar and velaric sound. A 
similar pattern of performance occurs with the nasal consonant 
[m] as shown in Figure 9.7:6. These samples were within the 
context of a C-re-C syllabic word. 
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Figure 9.7:6 
Initial phoneme F2 and vowel F2 
2000 
100 
..c: 
B 
'" E 
vowel F2 
The means and standard deviations for initial duration, Fo, 
intensity of the Fo, Fl and F2 frequencies and F2 transistions 
are presented in Table (9.7:2) for initial consonants preceding 
the diphthong [0 ] 
Table 9.7:2 
Means and SD's for Duration, Fo, Ft & F2 Frequencies 
and means for Fo Intensity for spoken initial 
consonantal ehonemes ereceding the diehthong [a ] 
Duration SO Fo SO dB Fl SO F2 SO 
!Fo~ 
[b] 86.3 18. 333 31 42.5 711 83 1769 36 
[k) 85.2 25 288 18 38.7 466 187 1250 304 
[g] 114.5 44 313 47 35.5 665 202 1220 276 
[f) 116.7 10 332 65 40 480 171 1582 0 
[ r) 119.2 10 300 57 38.7 564 321 1718 244 
[t] 120.2 34 260 15 37.9 772 517 1309 90 
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Gary is making contrasts between initial productions but the 
standard deviations for formant frequencies suggest that there 
is much intra-initial consonant inconsistency. These measures 
are from targets where initial consonants were sounded, as 
frequently stated, consonants are often omitted. In effect, 
these results provide an underestimation of inconsistency. 
Figures 9.7:7-9.7:9 show spectrograms representing typical 
measures of consonants preceding the diphthong [QV]. These 
measures have been included to show pictorially that Gary is 
capable of making good contrasts between initial consonants. 
His output does not, however, maintain consistency. 
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representing typical measures 
preceding the diphthong [c3t1j 
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Figure 9.7:8 
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Summary of acoustic analysis: The spectrographic analysis of 
features within the frequency domain shows how similar 
Gary's vowel production is to that of the normal hearing model. 
It also shows that he is able to alter the configuration of his 
vocal tract to produce consonants at differing place of 
production as in the normal hearing model. However, this 
systematic analysis confirms the findings of the earlier study 
that production of such sounds is inconsistent, thus providing 
quantitative support for the suggestion that he over-
generalises sounds. 
Although this systematic assessment across the temporal and 
frequency domains has provided useful measurements, there 
were some problems with assessing Gary's speech 
spectrographically that had not been foreseen. The 
requirements of spectrographic analysis sound relatively 
straightforward. Practice at segmenting and measuring normal 
output lent further support to this naive understanding of the 
task in hand. 
Segmenting the speech of a deaf child was not a simple or 
straightforward task. Where sounds mirrored the normal 
model the task was relatively easy. Gary's speech often does 
not reflect normal production for a given target. This presents 
problems in identification. When the entire word, neither 
consonants nor vowel, matched the expected target, nor any 
definite English sounds, it is difficult to be confident that 
segmentation, beyond vowel segmentation, is accurate. The 
measurements of this analysis must be interpreted with this 
caveat in mind. Despite these concerns, there is considerable 
confidence in the accuracy of vowel segmentation. 
Furthermore, the analysis supports the earlier conclusions of 
the listening task. 
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9.8 GARY'S SPEECH: DISCUSSION 
What appears to be clear is that Gary is able to produce many 
sounds reflecting the contrasts of normal hearing production 
but he does not use them, or his own contrasts, in a systematic 
way. All analyses concur with this statement. 
His speech may be delayed. Like hearing infants to some 
extent, he simplifies his speech by voicing and substitution. 
Unlike hearing infants, however, Gary only uses the voicing 
process for initial consonants and the substitution for velaric 
production. Furthermore, his substitutions are not consistent. 
He does not appear to use other forms of simplification. 
However, he may be making consistent but too finely 
discriminated contrasts of voicing. 
It is possible that his speech output suffers from interference 
from preceding or succeeding targets. If this is so, then 
arguably in connected speech the problem may be greater 
because the sources of interference will be greater. His 
intelligibility rating for connected read-speech was 
considerably poorer than that for monosyllables in isolation. 
For the intelligibility test of words in isolation, each target was 
presented in isolation. In this way the speech production task 
differs. Although words are spoken in isolation the picture 
cognates are presented in a triad. He could have processed all 
three pictures before speaking. 
Such speech production is unlikely to be helpful in the 
development of phonology because it lacks consistency. Gary 
makes many contrasts but in a relatively arbitrary way. The 
only rule so far observed is when an initial contrast of two 
consonants is necessary and one consonant is relatively easy to 
produce, Gary omits the other initial. However, he does not 
produce completely arbitrary responses to stimuli. His speech 
is inconsistent but only within a range. If his contrasts were 
purely arbitrary, they would be consistent because it is easier 
to produce different rather than similar sounds. This could be 
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encouraged also because of the nature of elicitation i.e., 
different photographs for each target, suggests the need to 
make new 
arbitrary. 
extent i.e., 
or different sounds. His contrasts are not purely 
He seems to be aware of the phonology to some 
the similarity between words. 
He does seem to have problems producing sounds he does not 
discriminate well which is not necessarily surprising. However, 
if he uses articulatory feedback as a method of abstracting the 
unheard or unseen sound contrasts, he will be gaining only an 
impoverished and inconsistent abstraction. A phonology 
derived from such instable input is not likely to be robust. 
This may go some way to explaining why Gary does not appear 
to use speech-based processing to aid linguistic performance 
across most tasks. 
If some of the anomalies of Gary's speech are in fact features of 
delayed development then the prognosis for improved output 
may be good. However, as stated several times, the hearing 
developing child uses more consistent simplifications. Gary's 
speech output seems prone to interference and over-
generalisation of speech contrasts. Arguably, if he could learn 
to use the good contrasts he has developed more consistently, 
his speech might be more useful for wider communication and 
to augment speech perception in the internal mapping of 
language to aid reading, writing and spelling. 
9.9 SPEECH PRODUCTION CONCLUSIONS 
In an attempt to identify how they may have developed an 
awareness of the phonology of English, Chapters 8 and 9 
assessed the children across two broad domains of speech: 
discrimination and production. Inter-subject performance was 
compared, evincing differences which provided some support 
for the prediction that the children who were able to perceive 
and produce speech more effectively would .be those who were 
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shown, from the tasks in Chapters 4-7 to have phonological 
awareness. 
Andrew showed an ability to use phonological processing to aid 
skills such as spelling and rhyme judgement. As was predicted, 
he discriminates minimal pairs well. Also he has considerable 
useful auditory input as measured by intra-subject 
performance for the speech discrimination tasks. At the other 
extreme, Claire, who does not appear to have yet developed 
phonological awareness, finds difficulty in discriminating 
speech and does not appear to enjoy any useful auditory input. 
This too was predicted. 
Gary's performance in the immediate memory task suggested 
possible access to phonology. On the basis of his possible 
phonological awareness and moderately intelligible speech, 
Gary would be expected to discriminate better than Claire. This 
was not shown to be the case. In the audio-visual speech 
discrimination task, the two children scored the same number 
of correct targets but Gary made seven 'errors', to Claire's one, 
i.e., his performance was more open to guess-work than hers. 
In the visual only condition, Gary scored less well than Claire in 
terms of both targets identified and number of 'errors'. This 
suggests that he gains from aided hearing but also suggests 
that if he is without aided hearing his speech discrimination is 
worse than Claire's. 
Again on the grounds of phonological awareness, it was 
expected that Karen would discriminate speech better than 
Claire or Gary because she showed possible use of phonology in 
the memory and rhyme judgement tasks. The prediction was 
not supported. In the audio-visual speech discrimination task 
both Claire and Gary scored better than Karen. In the visual 
only task, Claire still performed marginally better though Karen 
scored better than Gary. It is suggested that Karen's 
performance increment in the second task may be due to 
practice effect. However, it is possible that when sound 
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accompanies speech her ability to discriminate is reduced due 
to distortion. 
With the possible exception of Andrew, it is argued that the 
children are not gaining sufficient information from speech-
reading alone to develop a robust phonology. To see if the 
children are able to obtain more useful phonological 
information from their own. speech output via articulatory 
feedback, their speech was assessed for consistency and 
contrast. 
Andrew produces intelligible, consistently contrastive speech. 
He may therefore gain useful access to phonology through 
articulatory feedback. Claire's speech output in terms of 
consistency is better than that of Karen and Gary but even she 
produces less than 50% of targets consistently. Both Karen and 
Claire produce too few contrasts for intelligibility. The girls 
have speech output that is unintelligible, relatively inconsistent 
and lacking in contrast. It is. unlikely that they obtain much 
useful phonological information via articulatory feedback. Gary 
has moderately intelligible speech which lacks consistency. He 
does, however, have better contrastive speech than either of 
the girls but his ability to make contrasts is not consistent. 
Clearly, Gary is aware of the need to produce different sounds. 
It is possible that he is able to obtain some useful information 
from articulatory feedback though the extent of this will be 
somewhat limited due to the inconsistency of his output. 
Gary has better reading skills and intelligibility than Claire or 
Karen. He has a very high non-verbal IQ and a remarkable 
memory span. As stated, he shows an awareness of the need 
for contrasts so it was considered possible that he is more 
phonologically aware than the tests so far showed. He can 
produce many speech contrasts which may imply that even 
though his speech output lacks intelligibility and consistency it 
is nonetheless useful. He may use articulatory feedback to 
derive phonology. 
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Gary's speech output was subject to a more detailed analysis, 
showing that he can produce appropriate sounds to match the 
normal hearing model for word production but does not always 
do so. One explanation for this inconsistency is that Gary's 
relatively contrastive speech may suffer to some extent from 
interference from adjacent targets. It was concluded that this 
effect is unlikely to help in the development of phonology. 
Such interference leads to inconsistency of production. Clearly 
the contrasts are aiding intelligibility but, in their inconsistent 
form, it is probable that they are not aiding the internal 
mapping of language. 
It was suggested during this analysis that Gary's speech may 
be at an early stage of development. Some relatively weak 
support for the suggestion was established in that he does use 
two forms of consonant simplification comparable to young 
hearing children. However, there is a considerable degree of 
inconsistency in his use of these simplifications. 
One important point made in this analysis is that Gary's 
problems with production inconsistency tend to match similar 
problems with speech discrimination. This adds further 
support to the suggestion that Gary is amalgamating 
information across modalities. 
To provide quantitative 
Gary's output underwent 
This was useful in that 
propositions of the 
information on speech production, 
detailed spectrographic assessment. 
it established firm support for the 
earlier analysis. The physical 
measurements of Gary's vowel productions are in the main 
comparable with those of hearers, demonstrating that he is 
able to produce vowels as the normal hearing model but these 
are not produced consistently. Consonant production showed 
greater inconsistency but there was evidence that these too can 
be produced to match the hearing model. 
The more sensitive analysis of segments in terms of duration 
established that Gary is making the trend in durational 
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differences between voiced plosives as they change place of 
production along the vocal tract but that these are too finely 
differentiated for the listener to detect. This adds more 
support to the earlier suggestion that Gary's speech may be 
delayed. Some young children have been found to make 
durational contrasts that are too short for detection by ear 
between voiced and voiceless targets. Gary may be able to 
detect and use such durational differences in the mapping of 
sounds internally. 
It appears therefore that Gary has some useful speech patterns 
which may enable him to derive a phonology through 
articulatory feedback but he does not use these productions 
consistently. 
Before concluding this discussion, it is necessary to reflect once 
more on the performances of all four of the children. Andrew 
and Gary may have developed their phonological awareness 
through analysis of inputs from the three sources assessed in 
the tasks reported in Chapters 8 and 9: vision, audition and 
articulation. Andrew, who is the most linguistically able, has 
access to relatively consistent and contrastive information both 
at the level of perception and production. He has developed 
useful phonological awareness even though he may not always 
use it. Gary's apparent poor performance at phonological 
processing may be a reflection of an inconsistent, rather than a 
lack of, phonology. The systematic study of his speech output 
showed a problem of interference and over generalisation of 
speech contrasts. Arguably, he has insufficient information 
from speech perception alone for the development of 
phonology. If he uses feedback from his own productions to 
augment auditory/visual inputs, because of the lability of his 
speech, this will most likely result in a confused awareness of 
phonology. It is possible that he may be augmenting these 
inputs with information from written English or signing. 
However, if English orthography is used to develop awareness 
of phonology, this may result in further confusion. Grapheme-
phoneme correspondence is relatively tenuous. It is possible 
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that phonological awareness could be enhanced through the use 
of signing (Dodd, 1987). But Gary does not use a structured 
sign language as proficiently as either of the girls so it is 
unlikely that this medium would provide him with useful 
access to phonology. It is most probable that at this stage of 
development Gary does not have access to a robust phonology. 
His remarkable recall may be due more to exceptional 
visuospatial than verbal memory skills. 
It is suggested that neither Karen nor Claire receive sufficient 
consistent information from the three modalities studied to 
develop a robust phonology. The possibility of phonological 
awareness developing· through orthographic knowledge cannot 
be ruled out but neither girl showed convincingly that they 
were able to use this skill to aid spelling of less familiar words 
and neither have good reading skills. Karen showed 
phonological awareness in her ability to judge rhyme and 
possibly through the similarity effect in recall. If she was 
using written English to augment other inputs in the 
development of phonology, it would be less likely that she 
would have performed significantly differently at the rhyme 
judgement task because this task was specifically designed to 
identify orthographic dominance. It is possible that Karen is 
learning about phonology through proficient use of BSL but if 
this is so it does not seem to be helping her with English skills. 
It is more probable that Karen's apparent phonological skills 
are a residual effect of her hearing infancy. It is unlikely that 
she could have developed them from the limited information 
she receives from the three main sources studied. 
The measures taken in Chapters 8 and 9 of this study have 
provided a focussed account of the strengths and weaknesses 
in perception and production, showing the information each 
child has access to that may be useful in the development of 
phonology. The next and final chapter attempts to amalgamate 
the information from Chapters 4-9 to provide a detailed picture 
of each child and an explanatory model of behaviour. 
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10. GENERAL SUMMARY 
Throughout this work the importance of phonology to various 
linguistic skills has been stressed. It has been argued that a 
speech-based recoding strategy may be even more important 
for the processing of written English when auditory input is 
virtually absent or grossly distorted. Speech and use of 
phonology seem to be associated with language learning in the 
deaf population. However, these skills are not easily acquired 
by the deaf child. The children in the present study were 
assessed for phonological awareness and for whence such an 
awareness may have developed. 
Measures of phonological awareness were obtained by 
assessing the children across various skills which have 
phonological implications: speech intelligibility, spelling, 
memory capacity and rhyme judgement. The results of these 
investigations, discussed in Chapters 4-7 respectively, show 
tentative support for the prediction that those with better 
reading skills will have better speech skills but less support for 
the prediction that the better readers. will also show greater 
phonological awareness. 
Intelligibility was measured from samples of words in isolation 
and words in context. It is suggested, from research findings, 
that articulation is related to auditory synthesis and that the 
latter skill is an important element in the process of learning to 
read. Therefore, it seems logical to conclude that children with 
a profound hearing impairment and poor articulation are more 
likely to experience problems with reading. If the reported 
findings accurately reflect the situation, then the deaf child 
who has more intelligible speech will most likely be more 
linguistically able. It was predicted therefore that the children 
with the better reading skills would also obtain the better 
intelligibility ratings. 
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An inter-subject performance difference was established. 
Andrew and Thomas were described as relatively intelligible, 
Simon and Gary as moderately intelligible and Claire and Karen 
as relatively unintelligible. Andrew, Gary, Claire and Karen, 
received ratings supporting the predicted trend. Thus there 
was considerable support for the hypothesis. The trend was 
distorted by Simon's performance. Simon has better reading 
skills than Thomas but was rated as considerably less 
intelligible than him. However, Thomas acquired deafness at 
an older age than Simon. It is possible that some good speech 
patterns had been established before onset of deafness and 
that these have been retained but may not be not accessible for 
internal analysis. Thomas was able to participate in this test 
only. 
Spelling skills were checked because theories of spelling, 
despite their differences, generally agree that use of phonology 
has an important role in spelling at some stage. Children who 
have not developed an adequate phonological code will have 
problems in developing spelling skill to a sophisticated level. 
There were inter-subject differences in spelling performance 
showing some support for the prediction that the children with 
better reading skills and intelligibility ratings would have 
spelling ages more commensurate with their chronological ages. 
One interesting general result is that all the children appear to 
have better spelling than reading skills in terms of age 
comparisons; thus adding support to the findings of Hoemann 
(1976) and Markides (1976). 
Claire's performance, however, disrupted the predicted trend. 
Her spelling age was considerably greater than her reading age 
and hence closer to her chronological age which is surprising 
considering that she is rated as relatively unintelligible. 
Andrew, Simon and Claire were classified as having a spelling 
age above 10:9. Thus Claire, who is unintelligible and has poor 
reading skills, obtained the same score as the two boys who 
have the best reading and intelligibility skills. 
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However, the children appear to have used different strategies 
to aid spelling. By studying the errors produced, it was 
possible to identify where error targets were more influenced 
by visual than phonological processing. Only Andrew showed 
clear evidence of useful phonological awareness in his spelling 
errors. 
Simon did not attempt all targets but, with the exception of 
one, those attempted were all accurately spelled. It is argued 
that he may not be able to generate unknown spellings. He 
may rely more heavily on visual analysis of word pattern. It is 
possible that he lacks access to a phonological route to aid 
spelling of unfamiliar or novel words. Although performing 
well, he may still be at a relatively early stage in spelling 
development, such as the logographic stage defined by Frith. If 
so, it is possible that his relatively good reading ability is 
enhancing his spelling performance. 
Claire attempted all targets but produced some unusual 
spelling patterns. The detailed analysis suggests that her 
spelling is influenced more by visual than phonological 
analysis. She is however, able, or prepared, to attempt 
unknown targets. If she has access to a phonological route to 
spelling, it is not as robust or useful as that enjoyed by 
Andrew. Pattison (1986) found that hearing-impaired children 
who are better spellers tend to use information that looks like 
phonology in their spelling. Although Claire produces errors 
that are more visually than phonologically like the targets, they 
may be close to her own productions Le, phonological errors. 
This is less likely than might be suggested, however, because 
her speech output lacks contrast, as shown in the Speech 
Production task studied in Chapter 9. If Claire is deriving 
phonology from her own articulations then arguably she should 
show a lack of phonemic contrast in her spellings. She does not 
do this. 
332 
Chapter 10 
Gary appears to rely more on visual than phonological 
processing to aid spelling. But he does produce errors which 
may be close approximations to his own pronunication. Gary is 
shown to have contrast in his speech output as reported in 
Chapter 9. So he may be more phonologically aware than this 
analysis of spelling errors suggests. 
Karen also seems to depend more on visual than phonological 
processing. Her reluctance to attempt familiar words suggests, 
in this early analysis, a lack of phonological awareness as does 
the use of real word substitutes (Pattison, 1986). Her speech 
lacks consistency and contrast, as shown in the Speech 
Production study described in Chapter 9, so it is less likely that 
she has derived a useful speech-based inner code. 
Campbell, Burden and Wright (1992) suggest that some 
children may uncouple phonological processing and use such 
skills for specific tasks only which could explain why deaf 
children tend to be better spellers than readers. Although the 
children in the present study are all better spellers than 
readers, there is no unequivocal evidence that any child, other 
than Andrew, is using phonological processing to aid spelling. 
There is another possible explanation for the better spelling to 
reading skills. Some of the children may be deriving 
knowledge of phonology through orthography. For example, 
the rhyme judgement task, described in Chapter 7 shows that 
Gary was able to spell 'tail' but did not know how to say it. 
However, if orthography is the main source of phonological 
information then arguably it is unlikely that a robust 
phonology will be developed because of the relatively poor 
grapheme/phoneme correspondence. 
Results from the spelling test suggest that only Andrew is 
clearly able to use a phonological route to spelling. The other 
children also may have access to 
less adequate phonological codes. 
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lexical route will not be able to spell unfamiliar or novel words. 
A profoundly deaf child who does not, or cannot, use an 
adequate speech-based recoding strategy will be trapped, to 
some extent, in the first stage of spelling, as proposed by Frith's 
developmental model, because the ability to recognise the 
grapheme/phoneme correspondence will be distorted or 
lacking. Several children in this study may be so affected. 
Hearing individuals who have a phonological deficit can learn 
to read and spell English without an apparent 
grapheme/phoneme conversion route to spelling. But these 
individuals rely on spoken targets for initial word guidance. 
Deaf children generally may not be able to access sufficient 
information about the language through this medium. Many 
speech sounds are impossible for deaf children to hear and 
equally many speech sounds are difficult, some impossible, to 
speech-read only. 
Immediate memory span was assessed to provide a tentative 
indirect measure of use of phonology. If articulation plays a 
role in memory, as some theories suggest, this must impact on 
the memory capacity of children who lack intelligible speech or 
phonological awareness. It was predicted therefore that those 
with the better language skills, Andrew and Simon, would have 
the greater memory spans. Furthermore, it was predicted that 
they would also show evidence of phonological awareness by 
obtaining reduced scores for spans where phonetically similar 
word sequences were used. 
Inter-subject performance differences were obtained but not in 
the predicted direction. Andrew who has the best reading 
skills and produces overt evidence of phonological awareness 
has an immediate memory span which is below average for age 
matched hearers and shows no evidence of the phonological 
similarity effect. Simon also has a relatively poor immediate 
span with no reduction in span for phonetically similar targets. 
On the contrary, and unpredictably, Gary has an exceptional 
immediate span and obtains a considerably reduced span for 
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phonetically similar targets. Karen too, again unpredictably, 
shows possible evidence of the phonological similarity effect 
and has a memory capacity for phonetically dissimilar targets 
which fits within the norm for hearing children. 
Claire is the only subject whose performance could have been 
predicted. She showed no evidence of phonological awareness 
and obtained a three word maximum span. With such a poor 
memory capacity, perhaps it is not surprising that her reading 
skills are so weak. Very few sentences in written English 
convey full meaning in such brevity. Webster (1986) suggests 
that deaf children's difficulties with language-related tasks 
may be due to the paucity of working memory which is limited 
by the children's lack of inner speech. 
This could explain Claire's, but not Gary's or Karen's, behaviour. 
It is apparent from this study that there is more to reading 
than having a substantial memory span. Gary, who has an 
impressive memory capacity well above the average for a 
hearing child of his age, has a relatively high negative 
chronological-reading age discrepancy. 
Good reading skills may not be parasitic on working memory 
span, however, it seems likely that there is a minimum 
working memory capacity as evinced by Claire's, and to a lesser 
extent Andrew's, performance. Although Andrew is the more 
linguistically able, his reading skills may also be affected by his 
relatively poor memory span. His reading ability is quite 
superior to that of the other subjects in this study and 
probably to most profoundly deaf children of his age, but not 
so in comparison with hearing peers who would be expected to 
have a slightly greater working memory capacity on average. 
Gary's exceptional span may be due more to visuospatial than 
verbal memory skills. However, it seems possible that he and 
Karen may have access to useful speech-based recoding 
strategies. This is surprising considering their intelligibility 
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ratings and spelling errors. It is probable that their effective 
use of phonology is limited to certain tasks only as suggested 
by Campbell, Burden and Wright (1992). 
Clearly then, not all deaf children have reduced memory 
capacity. If these performance scores had been grouped with 
others for comparison with those of hearing, or some other 
group, of children, it is probable the subtle differences and 
most likely even the occasional anomaly, such as that produced 
by Gary, would have been absorbed. 
The investigations of phonological awareness so far discussed 
rely on linguistic production for measurement i.e., speech 
intelligibility, spelling skill and ability to recall the spelling of 
presented words. The Photograph Rhyme Judgement test, 
provides a measure of direct phonological awareness without 
the need for a large memory capacity or linguistic production 
skills. The nature of this task dictates that in certain conditions 
accurate judgement is possible only if the subject has access to 
a speech-based recoding strategy for words. It was predicted 
therefore that the children with more intelligible speech would 
perform better and more importantly show evidence of using a 
phonological code such that they can recognise the basic 
phonological units of onset and rime. 
There was some but not full support for the prediction. 
Andrew, who is the most intelligible, scored highly and is 
shown to use phonological processes to aid judgement. 
Unpredictably, however, Karen, who is the least intelligible, 
also showed evidence of phonological awareness even though 
her overall performance was, as anticipated, relatively poor. 
The other children showed no evidence of using phonology in 
this task. Again, these scores could have been obscured in a 
group analysis. 
Performing metaphonological tasks such as rhyme judgement 
or rhyme elicitations may require use of patterns of behaviour 
336 
Chapter 10 
which are not available to most deaf children. Through 
nursery rhymes and rhyming games, the young hearing child 
learns how words can be associated on this metaphonological 
level alone. Karen was most probably exposed to such 
interaction in her early hearing infancy. It is possible that she 
has retained this 'knowledge enabling her to perform such tasks 
at a limited level. It seems probable that she is able to use a 
phonological code but possibly for specific tasks only. 
All children, hearing or hearing impaired, may recode words in 
many cross-referenced memory patterns e.g., semantic, letter-
length, unusual construction or meaning, phonemic and 
phonetic similarity. If the deaf child does not use the latter 
two categories, they will be undergoing a very different task, 
when making rhyme judgements, to that of the hearing child. 
A deaf child may be able to abstract words using phonology 
but may tend to use some other code generally. Furthermore, 
if a child has a well developed phonological code based on his 
or her own speech output, it will only fit with the normal 
hearing model if the child's speech is a similar reflection. Tests 
of recoding strategies, be they direct rhyme judgement or 
recall patterns for phonetically dis/similar words are all based 
on the premise that the subject is using normal hearing 
pronunciation for such tasks. In this way, the methodology is 
flawed. It is not possible from this form of assessment to tell if 
the child can use a speech based inner code. It only serves to 
tell us if the child can use English phonology and that at a 
relatively sophisticated level. A child may have developed a 
relatively robust English phonology but not yet be able to 
reflect on it such as required by this type of test. 
Photograph rhyme judgement may not be a very sensitive 
assessment technique for measuring use of phonology in deaf 
children. Nevertheless, it has highlighted performance 
differences between the children in the present study. Karen 
and Andrew's results suggest that, contrary to group research 
findings, such metaphonological skills may not necessarily 
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accompany good reading skills and increased working memory 
capacity. 
Clearly, there was considerable inter-subject performance 
difference across the tasks used to assess phonological 
awareness. As predicted, Andrew appears to be the most 
phonologically aware. However, there was a general tendency 
for intra-subject performance difference too. Only Claire 
showed definite consistency in her performance. She exhibits 
poor phonological awareness across all tasks. 
Andrew has good phonological awareness but may not use. this 
knowledge to aid all cognitive tasks; hence his relatively poor 
immediate recall. Simon has relatively intelligible speech but 
his spelling performance and immediate memory span 
suggests, and his rhyme judgement shows, that he does not use 
phonological recoding strategies for such tasks. Gary has only 
moderately intelligible speech and appears not to use useful 
phonological recoding to aid spelling or rhyme judgement, 
however, his memory span differences suggest that he might 
be using a phonological code in that task. Karen also shows 
performance discrepancies. She has poor speech intelligibility 
and spelling skills but her performance in the memory and 
rhyme judgement tasks suggests that she has access to a useful 
phonology. 
As stated earlier, Campbell, Burden and Wright (1992) 
postulate that deaf children may 'uncouple' phonological 
processes such that these strategies are used only for isolated 
tasks. Although this did not appear to offer an explanation for 
the better spelling to reading skills, it may explain some of the 
findings of the present study. Andrew appears very able to 
make direct use of phonology but may not necessarily use this 
skill to aid memory. Karen may have access to a phonological 
code which she uses to aid memory and rhyme judgement but 
does not generalise this skill to aid spelling. 
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Judging from Karen's and possibly Gary's performance, it must 
be deduced that phonological awareness need not be associated 
with intelligible speech. While supporting the proposition that 
a measure of intelligibility only shows how well a speaker is 
understood by a listener, it does not show how well a speaker 
can use his or her speech to aid other cognitive processes. It is 
possible that these children have developed a useful 
phonological code. However, if it is derived chiefly from their 
own articulations, then arguably, it will be somewhat 
impoverished. 
The measures investigated in the four chapters discussed so far 
provide an in-depth picture of the children's phonological 
awareness. The studies reported in Chapters 8 and 9 aimed to 
assess how phonological. awareness may have developed by 
looking at speech discrimination and speech production 
respectively. English phonology may be accessed, by the deaf 
child, through residual hearing, lip-reading, articulatory 
feedback, signing and orthography (e.g., Dodd, 1987; Hanson, 
1989; Pattison, 1986). These factors are discussed briefly in 
the following paragraphs. 
Speech discrimination was quantified to provide measures of 
this and usefulness of aided residual hearing. Intra-subject 
performance across like tasks, one with an audio-visual, the 
other with visual-only presentation of spoken targets, was 
compared. These comparisons provided a measure of 
usefulness of aided residual hearing. Inter-subject 
performance comparisons across both conditions identified 
which subjects have the better speech-reading skills and more 
useful aided residual hearing. This provided evidence of the 
likelihood of sufficient information being obtained through 
speech-reading to derive a robust phonology. 
The possibility of phonology being derived at least in part from 
articulatory feedback was assessed by measuring speech 
output for consistency and contrast. The children 
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demonstrated wide differences in speech output as shown by 
their Intelligibility Ratings in Chapter 4. But as cautioned 
earlier, measures of intelligibility give no indication of how 
well, or if, the child can internalise speech. ReI a ti vel y 
unintelligible children may have developed an idiosyncratic 
phonology that may not share fully the phonemic structure of 
English but nonetheless has sufficient consistent speech 
contrasts to facilitate the mapping of the language internally. 
In effect, they could have useful speech output. Articulatory 
feedback may augment input from lip-reading and residual 
hearing in the development of phonology (Hanson, 1989; 
Pattison, 1986). 
The four children undertaking the tests described in Chapters 8 
and 9 have varying experience and skill at signing. Claire and 
Karen are expert signers; Gary's signing skills are improving 
but he lacks the stable language expertise experienced by the 
girls; Andrew does not use a sign language. The fact that no 
systematic testing of signing competence was conducted does 
not imply that the researcher undermines the possibility of 
feedback from a stable sign language being instrumental in the 
development of phonology. This is a possibility. Dodd (1987) 
suggests that the opportunity to associate a lip-read pattern 
with a sign may facilitate phonological coding. For limited 
tasks, Karen has apparent phonological awareness and it is 
possible that Gary has such awareness too. But Claire, who is a 
competent signer. shows no evidence of phonological 
awareness. 
No further tests of orthographic knowledge were conducted, 
measures of spelling skills having already been obtained from 
the spelling test and the spelling-photograph match task in the 
rhyme judgement test. 
Detailed study of the possible sources of phonological 
development therefore focus sed on speech discrimination and 
production. It was proposed that those who are more 
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phonologicalIy aware may have one or more of the folIowing: 
more useful aided hearing, good speech-reading skills or more 
useful speech production. 
The test constructed for. the speech discrimination 
investigations enabled a general and more detailed assessment 
of ability to be established without confounding through 
linguistic paucity. Response was not dependent on 
spelling/reading knowledge or intelligible speech. The 
inclusion of the phonemicalIy dissimilar option facilitated a 
more accurate analysis of errors. It was possible to identify 
where subjects were confused by, rather than guessing at, the 
targets. 
The results of the speech discrimination tests show that all 
children are performing at above chance level. Andrew has 
considerably better speech discrimination than the other 
subjects, as would be predicted if phonological awareness is 
derived through speech-reading. However, intra-subject 
analysis shows that, he does enjoy considerable gains from 
aided hearing. Gary's speech discrimination is also facilitated 
by aided hearing though to a considerably less degree. Neither 
Claire nor Karen appear to gain in. this way. Useful aided 
hearing provides input from two sources. It is possible that 
those speech contrasts that cannot be seen may be heard and 
vice versa. 
So deaf children with similar average pure-tone hearing losses 
do not necessarily enjoy the same degree of aided hearing. 
This impacts on their ability to perceive and discriminate 
speech in two possible ways. Firstly, and obviously, those who 
do not gain from aids cannot integrate the reduced information 
from the two modalities, vision and audition, to establish an 
unambiguous signal. Secondly, though stated with caution, it is 
possible that the enforcement of wearing of aids, where no 
apparent gain is occurring, may inhibit rather than facilitate 
speech discrimination. This may be due in part to the fact that 
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aided children assume they are receiving more sound and 
therefore consider they can reduce visual concentration. On 
the other hand, it is possible that amplification may serve only 
to increase the already distorted signal. 
The investigations of speech discrimination suggest that 
viewing ability in terms of phonological symmetry awareness 
skills offers the most direct way of identifying strengths and 
weaknesses in speech discrimination. If children are failing to 
perceive this phenomenon, they may not attempt to use it in 
their own productions which may in turn lead to a phonology 
that is either inadequate (insufficient contrasts) or 
uneconomical (too many contrasts). Attempts to map an 
asymmetrical phonology on to a symmetrical one most 
probably results in linguistic confusion. Andrew discriminated 
well the targets reflecting this property of English. His 
performance was not only almost completely accurate but also 
well balanced. Claire and Karen show reduced accuracy but 
their discrimination of targets differing by place of production 
was relatively balanced. Gary's performance across these 
targets was relatively weak and imbalanced. He was 
inconsistent in his ability to detect targets reflecting the 
phonological symmetry of English. This may have implications 
for the development of phonology. 
It is concluded from the speech discrimination tasks . that 
Andrew may have derived phonological awareness through 
speech-reading. He is able to discriminate 97% of targets in the 
audio-visual presentation. Karen and Gary may have 
generated some of their possible phonological awareness in this 
way too. They are able to discriminate 76% and 80% of targets 
respectively. 
For the development of a robust phonology, it is proposed that 
the children would need to augment the limited speech-read 
signal with that of other media, Andrew possibly requiring less 
input from other media than the other children. Andrew has 
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good speech skills so he may have access to useful articulatory 
feedback. Gary and Karen do not have fully intelligible speech 
but it was considered at this stage in the proceedings that the 
children may have useful speech. Speech that is relatively 
consistent with sufficient contrasts for the mapping of speech 
internally. 
The speech production studies assessed speech at the word 
level in terms of consistency and contrast to establish its 
potential usefulness. Consistent contrasts need not reflect 
absolutely the production of English, though the closer they do 
the more efficient and effective they will be as tools for 
phonology to help in skills such as spelling. The apparent lack 
of phonological awareness in some deaf children may reflect 
over-generalisation or over-assimilation of speech contrasts. 
Such behaviour would lead to a phonology which consists of too 
many or too few contrasts for intelligibility and for effective 
mapping of the language internally. 
If the deaf child is synthesising information from various 
modalities for phonological development, this could have one of 
at least two influences on the outcome. One, the more the 
sources of information, the greater the chance of reliable 
information. What cannot be heard may be seen and any 
ensuing shortfalls from these media may be augmented by 
articulatory, signing or orthographic processes. Two, 
amalgamating impoverished signals from various sources may 
facilitate the possibility of confusion and lead to the 
development of a relatively unhelpful phonology. Although 
arguably less directly linked with phonology, orthography and 
sign may provide more stable information than articulatory 
feedback for those who have not developed a consistent 
contrasive spoken language. 
The results of the speech production analysis show a gradation 
in performance. Andrew generally produces consistent 
contrasts of minimal pair targets. Claire and Karen produce 
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significantly less consistent contrastive speech. Gary produces 
significantly less consistent speech than Andrew, Claire and 
Karen but significantly more consistent contrasts than Claire or 
Karen. 
From these investigations, we can see that Andrew generally 
functions more like a hearing than a deaf child. Whereas, 
Claire and Karen function more like deaf children. These 
children have useful and well structured languages which they 
use at a sophisticated level to receive and convey ideas and 
information. Andrew uses English; Claire and Karen use BSL. 
Andrew is most probably able to derive a robust phonology 
because he inputs relatively stable information from auditory, 
visual and articulatory processes. Claire does not appear to 
have developed a robust phonological awareness and this may 
be due to the paucity of information she receives from the 
same sources despite the potentially stable information she 
may internalise from signing. Karen's apparent phonological 
awareness may be derived from the amalgamation of 
information from the various sources. Like Claire, Karen has 
good signing skiIls but her ability to perceive and produce 
speech is relatively poor and her spelling skill is not 
sophisticated. It seems more likely then that phonological 
awareness is a residual skiII retained from her earlier hearing 
life experience. 
Gary's performance was more complex. 
amalgamating information from various inputs. 
his speech generally lacks consistency for like 
He may be 
The fact that 
targets but has 
consistent contrasts for minimal pair targets, suggests that he 
is, at least intuitively, aware of the need to make contrasts to 
provide meaning but less aware of the importance of 
consistency. This is interesting considering his discrimination 
of targets reflecting the phonological symmetry of English. In 
that task his performance lacked consistency. It was proposed 
in the discussion of Chapter 8 that if a child lacked awareness 
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of the phonological symmetry of English this may lead to over-
assimilation or over-generalisation in production of contrasts. 
Gary's speech output underwent more detailed study at the 
segmented word level, including spectrograhic analysis which 
enabled quantification of speech ouput, to check the reliability 
of the more subjective analysis and in an attempt to discern if 
his speech more closes mirrors the normal hearing model than 
the gross analyses are able to detect i.e., if his speech is as yet 
at an early stage in development. The results of these further 
investigations supported the findings of the earlier analysis in 
that Gary's speech is shown to lack consistency though he is 
able to make many contrasts. There was also some tentative 
support for the suggestion that his speech may be delayed. 
He is able to produce contrasts mirroring the normal hearing 
model but uses them inconsistently and sometimes 
inappropriately. His probable intuitive awareness of the need 
to make contrasts may impact on production in that he uses 
novel methods to maintain contrasts (e.g., changes in intensity) 
but these are not used consistently and may not provide stable 
recoding information. Furthermore, within the context of word 
triads, his speech output seems prone to interference either 
from the speech features, or the spellings, of adjacent words. 
This may explain why Gary's speech was given a lower rate of 
intelligibility in the intelligibility test of words in context \see 
Chapter 4). 
It is unlikely that such relatively arbitrary use of contrasts can 
provide an adequate internal contrast for Gary. If Gary uses 
the information from articulatory feedback to augment other 
inputs to derive phonology, it is most likely that this confuses 
rather than complements the process. 
An important finding from the analysis of segmented speech is 
the possible association between speech discrimination and 
prod uction. Gary appears to have problems producing sounds 
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he does not discriminate well. This is of course a common 
problem for any deaf child. However, this may add further 
support to the suggestion that Gary is synthesising information 
across modalities. In effect, he may be using articulatory 
feedback to augment other information in the development of 
phonology. A phonology derived from such instable input is 
not likely to be robust. This may go some way to explaining 
why Gary does not appear to use speech-based processing to 
aid linguistic performance across more tasks. 
The possibility that Gary's speech is delayed was considered. 
Young hearers use many simplifications in their productions 
and have been shown to use subliminal voicing contrasts. Gary 
uses two simplifications (Le., fronting of initial velar consonants 
and deletion of final consonants) and there is some evidence to 
suggesting, he may use subliminal contrasts of voice duration 
commensurate with hearing infants. However, in the case of 
simplifications, these are considerably fewer than those used 
by hearing infants and they are also not used consistently. 
It appears therefore that Gary has some useful speech patterns 
which may enable him to derive a phonology through 
articulatory feedback. The fact that they lack consistency 
however means, it is likely such feedback will confuse rather 
than complement the generation of a robust phonology. 
The measures taken in Chapters 8 and 9 of this study provide a 
focussed account of the strengths and weaknesses in perception 
and production, showing the information each child has access 
to that may be useful to the development of phonology. 
10.1 INDIVIDUAL SUMMARY 
The investigations in this thesis have produced information on 
various aspects of behaviour but chiefly those reflecting the 
use and possible development of phonology. There were six 
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children involved at the outset though only four were able to 
complete all tasks. So far, only a resume' of the research in 
terms of behaviours studied has been provided. Before 
attempting to produce an explanatory model of behaviour, it is 
necessary to recapitulate findings in terms of each individual. 
A relatively brief description of the history and findings for all 
children, except Thomas, will be listed and discussed briefly 
below. Thomas is excluded from this concluding chapter 
because of the extremely limited amount of information 
available. 
ANDREW 
Andrew was able to undertake all tests. He functions the best 
of the children in terms of English language skills. Probable 
reasons for this have been identified. Andrew was recognised 
as being at risk from birth and his parents warned accordingly. 
Medics and parents cooperated. When he was young, his 
parents considered they had the best possible advice and 
treatment from the medics. 
From the audio-visual and visual only speech discrimination 
tests, it becomes apparent that Andrew functions more like a 
hearing than a deaf child. He gains considerably from his aided 
hearing. Although he had retarded speech in infancy, by school 
age the lag was narrowing. Now he is regarded as almost fully 
intelligible by inexperienced listeners based on auditory only 
speech samples. His speech output is described as consistently 
contrastive. 
He has a low average IQ. His reading age is below average for a 
hearing child of his age but very good for a deaf child. His 
spelling skills are advanced for his age. He appears to have 
developed a robust phonology which enhances spelling skills. 
He is aware of the similarities of words in terms of onset and 
rime, as shown by his rhyme judgement accuracy. This will 
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enable him to spell through analogy (Goswami, 1993). He may 
also have developed, or be in the process of developing, 
phonological awareness to such an extent that he has the 
ability to conduct the more comprehensive grapheme-phoneme 
analysis necessary to become a good reader (Goswami, 1993). 
However, he does not always appear to use phonological 
awareness spontaneously to aid other cognitive tasks. It is 
possible that his immediate memory span could be improved, if 
he consciously chose to remember to use a speech-based code. 
His memory span is within one stand~rd deviation of the norm 
for his age but is below average. 
Andrew experienced very 
supported by his parents. 
early intervention which was 
He has developed an awareness of 
good speech reading skills and good sounds with aided hearing, 
speech production skills. 
though he is a profoundly 
spelling skills. 
So it becomes less surprising that, 
deaf child, he has good reading and 
GARY 
Gary was able to participate in all tests. He has diverse 
performance skills as shown by the measures taken. His 
English language skills are not strong. He may have had a 
hearing problem for sometime before diagnosis. Once he was 
diagnosed as having a hearing impairment, his parents 
reported that they would have prefered to have had more 
support and advice than they received from the NHS and army 
medical service. Davis (1993) found from a study of moderate-
to-severe hearing-impaired children that those with poorer 
language and communication skills tended to be of parents who 
had misgivings about the service they had received. There 
may be a similar relationship in Gary's case. Another possibly 
related factor may be that his family moved home several 
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times during his infancy. This may have confused the young 
child because the moves meant changes in pedagogical practice. 
He appears to gain a little from aided hearing but his 
performance across both audio-visual and visual-only speech 
discrimination was relatively poor. Speech discrimination for 
contrasts reflecting the phonological symmetry of English was 
inconsistent. 
He is moderately intelligible when reading aloud words in 
isolation but unintelligible with words in text. It is probable 
that his speech output suffers from interference from 
preceding and succeeding targets. Farnham-Diggory and Gregg 
(1975) found that hearing poorer readers often require longer 
to process auditory information than visual information. They 
suggest this may lead to asynchrony in the processing of· 
written material. It is possible that a similar effect is occurring 
with Gary's speech. His speech output underwent a rigorous 
assessment both at the full word and segmented levels. 
His speech output does not lack contrast but it is inconsistent. 
He does not make perceptually detectable use of the voicing 
contrast for plosives and appears not to compensate with any 
consistent substitute. This will reduce the number of normal 
model of production contrasts he can make. There are some 
tenuous cues to suggest that Gary's speech may be developing 
as normal, being delayed rather aberrant. 
Sounds shown to be produced inconsistently were also 
inconsistently discriminated in the perception test. This 
suggests that, if Gary is amalgamating information across 
modalities to derive phonology, articulatory feedback will not 
efficaciously augment audio-visual recoding of words because 
such input is likely to increase confusion. 
He has a remarkably high IQ and an equally remarkably high 
immediate memory capacity. Neither of these factors seem to 
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be helping him with his reading skills. It is suggested here that 
there may be a link between these two processes. Both could 
draw on visuospatial skills as well as logical thought and verbal 
memory respectively. If these two exceptional attainments are 
due chiefly to visual skills, this may lend support for the idea 
that he has very rapid visual processing ability. According to 
Farnham-Diggory and Gregg's reasoning, this may contribute to 
his reading problems. 
He has good spelling skills but analysis of all errors suggests 
that he is more likely to use a visual rather than phonological 
recoding strategy. His rhyme judgement was not above chance. 
So spelling by analogy is a skill he probably cannot use. In the 
rhyme judgement task, he did not always know how to say 
words he knew the meaning of and could spell. He may be 
learning about speech through the orthography. 
But he must be able to develop speech patterns through 
speech-reading and residual hearing, however, because he did 
not know the word stool at the outset of testing. After spoken 
examples, he was able to make a reasonable verbal attempt at 
the word and later in the speech production test he produced a 
clear, recognizable sample. Visual processing seems to play a 
major role in Gary's understanding of language but audition 
and articulation seem also to be implicated. 
It is very clear that Gary is an exceptional child. He is a highly 
intelligent boy who is trying to make sense out of the confusion 
of inputs. He steadfastly insists on attempting to communicate 
verbally. His parents support him in this, wanting him to learn 
to improve his speech output more than his signing skills. His 
reluctance to write down his own unintelligible comments may 
relate as much to his poor literacy skills as to an apparent 
desire for verbal communication only. 
This may be due to at least two reasons. Firstly, he may not 
know how to spell or structure the sentences to convey his 
350 
Chapter 10 
ideas. He is better at spelling than reading but his spelling 
skills are not well developed. However, the second plausible 
reason for his lack of cooperation in writing down his ideas 
may come closer to explaining his problem. It is considered 
that Gary, being so intelligent, may be more acutely aware of 
his limited linguistic abilities and more discomforted by them. 
Of all the children studied in this research, Gary seems the 
most concerned about his general lack of communication skills. 
With the exception of Andrew whose speech is intelligible, the 
other children appear to be concerned only with the fact that 
their speech is not readily understood. It is possible that Gary 
is frustrated by his inability to communicate his relatively 
sophisticated ideas. Although his teachers generally 
understand him, he is limited in his interactions by the fact 
that he has no fully developed intelligible language i.e., neither 
English nor sign. His signing skills are improving rapidly so 
hopefully he will soon become fully intelligible to the signing 
community. He does not enjoy the richness of communicative 
interaction in the home. His parents often do not understand 
fully what he wishes to tell them. 
Gary has some useful aided hearing and can make distinct 
though not consistent speech contrasts but his skills in these 
domains are considerably less developed than those of Andrew. 
They are however better developed than those of Claire or 
Karen; his signing skills, on the other hand, are considerably 
poorer. 
CLAIRE 
Claire was able to undertake all tests. She has relatively poor 
English language skills. She may have had a hearing loss for 
some time before diagnosis. Her parents report that the doctor 
was reluctant to accept their concerns about Claire's hearing. 
Again her parents were not fully satisfied with the treatment 
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and advice they received, suggesting support for Davis's 
findings. 
Claire is shown to have relatively poor speech discrimination 
skills and to gain little or nothing from aided hearing. It is 
possible, however, that she is better able to discriminate 
speech in context. The discrimination of words in isolation is a 
common requirement in everyday communication. 
Her speech production is relatively unintelligible. It is 
consistent but lacks contrast. If speech is implicated in the 
development of phonology, this could explain Claire's apparent 
lack of a robust phonology. 
Most of Claire's behaviour more readily fits the general picture 
of a prelingually profoundly deaf child. She has few strengths 
to draw on to assist her linguistic performance. She has poor 
hearing, speech discrimination. and speech production and only 
a low average IQ. Her reading age is very depressed. Her 
spelling skills are relatively advanced but appear to be 
dependent on visual rather than phonological recoding. This is 
not surprising because, as yet, she appears not to have 
developed a robust phonology. Therefore, spelling by 
phoneme-grapheme correspondence or by analogy is not 
possible. Her immediate memory span is below average for 
her age. This may be responsible, in part, for her poor 
performance at rhyme judgement and might also explain her 
poor literacy skills. 
Despite her apparent difficulties, Claire enjoys communicating 
with others. She is prepared always to write down her ideas if 
other communication methods are failing. She regrets that few 
people understand her speech but does not let this hinder her 
interaction with others. The fact that she has access to a 
structured language through her excellent signing skills means 
that she can receive and convey ideas to a sophisticated degree, 
commensurate with her chronological age, within the signing 
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community. She has less need for literacy skills than a child 
who lacks intelligibility and sign language. By being a member 
of the Deaf Culture, Claire is able to express not only her ideas 
but also her artistic needs. She belongs to the drama group and 
enjoys performing in public venues. 
KAREN 
Karen also was able to participate in all tests. Her English 
language skills are relatively poor. She was a young child 
when she developed a. hearing problem. She had heard and 
developed some speech patterns before onset of deafness. 
Karen's parents suspected deafness and report having to fight 
to get specialist assessment before diagnosis. They were quite 
dissatisfied with the initial treatment and advice they received, 
yet again suggesting support for Davis's findings. 
Karen does not appear to gain from aided hearing. She has 
relatively poor speech discrimination which shows a decrement 
rather than improvement when a sound-track accompanies 
speech. This may be due to reduction in attention or distortion 
of the sound signal. It is possible, as suggested forClaire, that 
Karen is better able to discriminate speech in context. 
Her speech output was rated as unintelligible'. It is inconsistent 
and lacks contrast. This is interesting considering that she 
experienced speech sounds before onset of deafness. 
She has a low average IQ. 
relatively high for her age. 
Her immediate memory span is 
She shows some possibility of 
phonological awareness, supported by the fact that rhyme 
judgements were above chance. She may be able to use this to 
aid spelling by analogy but her performance in the spelling test 
lends no support for this suggestion. Rhyme judgement may be 
a residual effect of her hearing infancy. Limited auditory 
imagery such as rhyme patterns may have been retained. If, 
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to be useful for reading, auditory information requires input 
from other modalities, VISion, articulation, signing and 
orthography only limited or inconsistent information is 
available. 
Karen has sophisticated signing skills which she is able to use 
both at home and in school. Through the Deaf Culture, she has 
an outlet for intellectual, social and artistic expression. Karen is 
a very independent girl. For example, she regularly uses public 
transport to visit friends. This is quite demanding for a child 
whose speech is not understood. Relatively few deaf children 
of her age willingly undertake such activities unaccompanied. 
Like Claire, Karen can live successfully without good English 
skills. 
SIMON 
Simon did not undertake all tests. However, sufficient 
information was obtained about him to make useful comments. 
He has relatively good English language skills. He acquired 
deafness in early infancy. His mother was reluctant to accept 
that he had a hearing loss at first but was not dissatisfied with 
the treatment and advice she received. 
Simon appears to have some useful behaviours which might be 
helping him with language learning. His speech is relatively 
intelligible; he has a high average I.Q. and his reading age is 
less depressed than all the children with the exception of 
Andrew. Simon's memory span is below average for his age 
but Andrew's performance has shown that this need not be a 
serious drawback to language learning. Simon is shown to have 
good spelling knowledge. However, this may depend more on 
visual than phonological recoding, as suggested by his apparent 
reluctance to attempt unfamiliar words and the fact that rhyme 
judgement was not above chance. Due to problems with data 
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collection, there are no measures for speech perception and 
production skills beyond those already presented. 
10.2 DISCUSSION 
Many factors known to relate to language skills in deaf children 
have been assessed. Two predicted factors, I.Q. and memory 
span do not appear to relate to language skills in the children 
of the present study. There is some support for other cited 
related factors, namely use of phonology, age at diagnosis and 
fitting of hearing aids, hearing and speech production. 
I.Q. and Memory Span: Andrew who performs remarkably 
well linguistically for a child with such a hearing loss, has only 
a low average I.Q. and a below average immediate memory 
span. Simon has a relatively good reading age but a below 
average immediate memory span. He has a high average I.Q. 
but a greater negative reading age-chronological age 
discrepancy than Andrew. Gary who performs less well at 
reading than Andrew or Simon, has an exceptionally high I.Q 
and an equally exceptionally high memory capacity for written 
words. Karen who performs linguistically least well of all the 
children, has a good average memory span though she has only 
a low average IQ. 
These findings suggest that there is more to reading skills than 
non-verbal I.Q. or memory span beyond the average. 
Use of phonology: Use of phonology is generally considered to 
be important to language skills. This was assessed by 
intelligibility, spelling skills, memory span and rhyme 
judgement. Much has already been said about these tasks 
throughout this work. The latter test, rhyme judgement, being 
specifically designed to measure phonological awareness is 
discussed again more fully here. 
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There is evidence for Goswami and Bryant's (1990) proposal 
that the important phonological skill young hearing children 
bring to reading and writing is the ability to segment words 
into onset and rime and also the ability to categorise words 
according to these segmented features (Bradley and Bryant, 
1983). Furthermore, this concept seems intuitively right. So 
one way to check if a child has sufficient phonological 
awareness for the development of good reading and writing 
skills is to assess the child's ability to recognise rhyme. 
This is a relatively straightforward task but may not be 
appropriate to assess for phonological awareness in deaf 
children. Therefore, despite its apparent careful design, the 
rhyme judgement test used in this work may not be a useful 
test to assess this skill in deaf children. Using a 
metaphonological task such as rhyme judgement may tap skills 
of a more sophisticated nature. Some children may have 
developed a relatively robust implicit phonology but may not 
be at the stage of development where they can reflect on this 
explicitly as is required by such a task. Also children who have 
developed a robust phonology and the skill to reflect on it will 
only score complete accuracy at this task if their phonology 
matches that of English. 
Andrew, who has the best language skills, has very good rhyme 
judgement. Simon has relatively good language skills but poor 
rhyme judgement. If his language skills are heavily dependent 
on visual strategies for recoding then this is not surprising. But 
this finding might be construed as undermining the importance 
of speech to phonological development. Although his speech 
was rated as relatively intelligible for words spoken in 
isolation, it was rated less than 50% intelligible (averaged over 
both panels) for connected speech. Simon may not be able to 
gain sufficient reliable information from articulatory events for 
successful synthesis of inputs. 
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Karen's performance provides a surprIsIng result if speech is 
implicated in phonology. She seems able to detect rhyme but 
in all other ways her language skills are poor. It is possible 
that she has derived phonological awareness through 
amalgamating information from the various media.. But the 
only stable information she receives is from signing and 
orthography neither of which can provide totally unambiguous 
information and her spelling knowledge is relatively poor. It 
seems more likely that she has retained auditory memory for 
rhyme, rhyme being such a salient feature in British infancy. 
She does not appear to use this skill to aid her spelling or 
reading performance. Her performance at rhyme judgement 
need not undermine the importance of rhyme to language 
skills. She may have suffered more injury than is apparent. 
She may have a language processing problem. Or she may only 
use phonological processing for specific tasks. 
Claire has good signing skills and relatively good knowledge of 
spelling but neither medium appears to be helping her derive 
phonological awareness. Like Karen she appears not to gain 
from aided hearing and so speech discrimination is limited. 
There is no indication that Claire has developed a useful 
phonology. 
'Uncoupling' of phonological processing: Camp bell, Burden and 
Wright (1992) suggest, as an explanation for the better spelling 
than reading skills in teenage deaf children, that they may be 
able to use phonological processes but that automatic 
phonological activation might be limited to relatively few tasks. 
This might be used to explain behaviour differences in the 
three children who have been identified as having possible 
phonological awareness in the present study. Andrew can and 
does use phonological processes generally but as suggested he 
may fail to do so to aid memory. Gary may increase his 
immediate memory span by using a speech-based recoding 
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strategy for words. And Karen uses phonological processes to 
aid rhyme judgement and possibly memory. 
Diagnosis: Age at Diagnosis is known to relate to language 
performance in terms of intelligibility but this applies to very 
early identification only. Andrew was identified as at risk 
from birth and kept under surveillance until deafness was 
confirmed. Hence an early identification and fitting of aids 
which might have contributed in no small way to Andrew's 
auditory perception. 
Hearing: Although each child is categorised as profoundly deaf 
on the basis of their pure-tone audiograms, we can see that 
aided hearing shifts the status of Andrew and Gary. Andrew 
functions more like a partially hearing child. Gary does not 
obtain sufficient auditory gain to merit a different classification 
of impairment but he gains more than either Claire or Karen. 
This may explain the trend in intelligibility. 
Speech: Speech also seems to have a role to play in other 
linguistic skills. Intelligibility appears to have some 
relationship to reading skills in this small set of children. 
There is an apparent trend in the right direction which is 
further supported by the findings of the speech consistency 
and contrast assessments. 
Having accrued all the information from the various 
investigations, the next step is to synthesise the findings and 
attempt to provide an explanation for behaviour. 
10.3 EXPLANATORY MODEL OF BEHAVIOUR 
In normal development the young child receives information 
about language from auditory, visual, and articulatory inputs. 
Information is synthesised before comprehension (Luria, 1973; 
de Montfort Supple, 1986). Phonological awareness develops 
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use language 
through reading 
medium to aid 
as the child learns to understand and 
competently. With the learning of language 
and writing, the child has a further 
comprehension: spelling knowledge. 
Goswami (1993) proposes that reading development is better 
described as an interactive developmental process in which 
phonological knowledge affects orthographic knowledge which 
in turn advances phonological knowledge. The deaf child may 
approach reading and writing with little or no phonological 
awareness. This being so, they will be disadvantaged initially. 
Dyslexics do not recognise the sound symbol relationship and 
consequently cannot use analogy in spelling without training 
(Lovett, Ransby, Hardwick, Johns and Donaldson,1989). 
Camp bell, Burden and Wright (1992) suggest that experience 
with reading and writing does generate phonological skills in 
deaf children. 
The young deaf child is deprived of a clear signal from two 
main information channels. Auditory and articulatory inputs 
may provide little, no or distorted information for synthesis 
with the limited visual signal. Nonetheless, the deaf child may 
develop an apparent phonological awareness through input 
from residual hearing, visual analysis of speech and 
articulatory feedback before being introduced to reading and 
writing. If the child is introduced to a sign language from 
infancy then it is possible that visual analysis of signs and 
proprioceptive feedback from use of sign may also augment 
other inputs in the generation of phonology. 
However, where this is not the case, the developing 
phonological awareness of the child is unlikely to be very 
robust. A phonology more dependent on visual, orthographic 
and signed information is likely to be less useful for English 
language skills generally than one based on more reliable 
auditory and articulatory inputs. Visual analysis of speech 
provides only limited information and is not always easily 
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accessible. Signed information is arguably less linked to the 
phonology of English though some signs do include 
orthographical information. Orthography may therefore 
provide much needed stable input to augment the less reliable 
processes. But phonological information from the orthography 
is also limited because, though English is basically an alphabetic 
language, there are so many irregular spellings in the English 
language. 
The deaf child, by the nature of his or her impairment, cannot 
receive a clear auditory signal and visual analysis of speech 
only provides limited information. One medium that the child 
may have some better control over is articulation. Where a 
child can learn to produce consistent contrastive speech, it is 
probable that feedback from articulation can augment the 
weaker auditory and visual signals such that inputs may be 
synthesised in a complementary way. With this approach, a 
more robust phonological awareness may develop such that 
orthographic knowledge enhances rather than confuses or 
delays development of phonological awareness through other 
channels. The fact that anarthric children have problems with 
reading, even though they have access to complete auditory 
and visual analysis, suggests that information needs to come 
from all sources for an adequate phonological awareness to 
develop. 
The present study provides support for the above statement. 
We can see that Andrew who is functioning far in excess of the 
others in terms of language skills is receiving input from all 
three sources and that the inputs received, though not 
complete in the sense of those received by a hearer, are 
nevertheless consistent and useful. The fact that the 
synthesised information will not be as rich as that received by 
hearing children may explain why Andrew is not achieving as 
well as they at reading. Gary has some useful auditory but 
apparently less useful articulatory input. In fact the 
inconsistency of articulatory feedback may be confusing rather 
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than complementing the other sources of information. He may 
need to rely more on orthography to provide a more stable 
awareness of language, especially as his signing is not yet 
developed to a sophisticated level. Neither Claire nor Karen 
appear to receive useful auditory or articulatory input. They 
both have greater hearing loss than Andrew and Gary. Claire's 
speech is relatively consistent but lacks contrast. Karen's 
speech is inconsistent and lacks contrast. Both girls are highly 
accomplished signers, it is possible that Karen may be deriving 
phonology through her knowledge of sign though it is 
considered more likely that this is a residual effect of her 
hearing infancy. Claire does not appear to have developed 
phonological awareness. 
The deaf child does not receive a clear auditory signal but most 
receive some sound input. If this is augmented by articulatory 
feedback from consistent speech patterns of sufficient contrasts 
to match the English language, they will have two consistent, if 
somewhat impoverished, signals which can be augmented by 
meaningful, but less stable, information from other media such 
as lip-reading, signing and orthography. 
However, if the child is to learn to read and write English, then, 
if as suggested here there may be an articulatory component to 
literacy skills, there may be a prerequisite for him or her to 
develop basic effective (not necessarily intelligible) speech 
skills before starting to try to learn to read and write English. 
The hearing child is a proficient user of language before he or 
she starts to read or write. 
10.4 FINAL CONCLUSIONS 
The case study approach has facilitated a clearly focussed 
account of each child's behaviour. It has provided clear 
evidence of inter-subject difference, showing that it is 
erroneous to view disability groups as homogeneous. Taking 
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this methodological approach has eliminated the potential 
confounding of information through the grouping of scores. 
One of the unpredictable differences concerns the phonological 
awareness of Claire and Karen. The girls apparently perform 
very similarly in terms of the initial research criteria but 
subsequent testing suggests that they use different strategies 
in specific areas of linguistic performance. Claire does not 
appear to have access to a useful phonological code; Karen does 
have useful phonological awareness for certain tasks such as 
rhyme judgement and possibly memory tasks. 
It is argued that much of the performance variance identified 
by this research would have been absorbed in group studies. 
Even anomalies, such as Gary's exceptionally high non-verbal 
IQ and immediate memory span for words, can be obscured 
when scores are grouped. These extreme positive scores could 
not have been predicted from other manifest behaviour and 
yet they provide important information. 
This approach has enabled the elimination of poor immediate 
memory span and low IQ as explanations for Gary's relatively 
weak linguistic performance. Furthermore, the reported 
findings undermine the importance of these variables to the 
literacy skills of deaf children. Even more weight is added to 
this when Andrew's performance is considered. 
extremely good literacy skills for his hearing status 
He has 
but both 
his non-verbal IQ and immediate memory span are only of low 
average for his age. Again this information would most likely 
have been absorbed in a group study. 
By taking a relatively detailed account of each child's history, it 
was possible to identify other possible variables that may 
impinge on the child's language learning at a gross level. Like 
those in the Davis (1993) study, the children from this study 
who have relatively poor language skills have parents who 
were not satisfied with the service they received. Perhaps if 
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parents are obliged to put so much effort into trying to obtain 
their rights and concomitant with that are nursing grievances, 
they may not have the extra time or energy necessary to meet 
fully the interactive needs of the developing hearing impaired 
child. 
There has been at least one drawback to using this 
methodological approach: loss of access to subjects before 
completion of data collection. This was considered as a possible 
problem at the outset and consequently six rather than fewer 
children were selected. Although it may have been more 
satisfying to have complete data on all subjects, this deficit has 
not undermined the study. The four subjects who underwent 
all tests have provided ample data for detailed discussion and 
useful conclusions. 
By focussing on the individual, it has become possible to 
highlight exceptional behaviour and use this information to 
develop an explanatory model. Gary's behaviour was identified 
as exceptional. And although possible explanations are offered 
for most of his behaviour anomalies, his behaviour is 
nevertheless perplexing. He is extremely intelligent and has an 
impressive memory span for words. But his language skills 
appear to benefit very little from these skills. It is possible 
that his own personality works against him in these areas. He 
has poor speech but a strong desire to communicate across this 
medium. It is argued in this work that his reading skills are 
probably more likely held back because of the inconsistency of 
his own language. He has neither a consistent oral nor a 
consistent sign language. 
The other children do not exhibit such inconsistencies, even 
where language is impoverished. So why does Gary's language 
skills lack consistency? To resolve this, it is most likely that we 
need to look back to his early infancy. As an infant, he was 
introduced to various signing systems before his parents 
decided to avoid such means of communication and thereby 
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encouraged his speech skills. It has been established that even 
with the gains from aided hearing, Gary does not discriminate 
speech well. It is also suggested that, at this stage in 
development, he does not have useful speech. It seems most 
probable that Gary has only a confused idea of language 
engendered through the muddle created by the inconsistent 
approach to language learning he encountered in his early 
developing years. 
Gary's exceptional behaviour has led to the conclusion that for 
phonological awareness to develop, the deaf child must receive 
inputs from as many media as possible. Where input is biassed 
toward the more reliable modalities of audition and 
articulation, there is a greater possibility of a robust and useful 
phonology being derived and thus better access to the English 
language. 
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Appendix 4: Intelligibility 
1 ) Word List 
Test 1 Condition 1&2 
blue by you 
mat do tree 
zoo last who 
cold two head 
shoe zip down 
2) Extracts (Words in italics are deleted from the presented text) 
Simon 
The Holiday Ghost 
Roderick Hunt (1988) 
Oranges and Lemons Series). Blaclcwell Education. (p7-8) 
It took Dad a long time to build afire. At last it began to burn, 
but the logs were damp and made a lot of smoke. The soup 
wasn't very warm an it tasted smokey. 
"This is how people used to live," said Dad. "In the past they 
didn't have toasters and microwave cookers. Things weren't so 
easy then." 
"It can't have been much fun," said Jo. 
Simon and Jo didn't enjoy the afternoon. It went on raining and 
they had to sit in the back of the car while Dad drove to the 
nearest town. 
CIa ire and Karen 
The Strange Story of the Frog who Became a Prince. 
Elinor Lander Horwitz. 
The Ginn Reading Programme. Level 9. BookJ. (p39-40). 
He looked at his pink skin and felt his big ears and the hair on his 
round head. "My skin is as smooth as a worm and my ears are 
like leaves, and my head has grass growing on it!" He cried. 
"Please change me back into the handsome frog 1 used to be." 
The wicked witch smiled. "Oh, 1 can't do that," she said, "I don't 
remember how to." 
"Why, oh why did you do such a thing?" The prince asked 
weeping. 
Gary 
Rebecca's Story 
Appendix 
Redvers Brandling. (p20) 
Bullets still whistled over their heads. But they had almost 
reached the houses. Rebecca picked Adam up. Now they could 
go faster. 
"Come on! Not far now!" 
Someone shouted from one of the houses. Then two women ran 
out. One took Adam from Rebecca. The other helped her up to 
the house(good) 
"Well done, well done." Said one of the women, when they were 
safe ly inside. 
"You're both safe now>" said .... 
Andrew 
Where The Wild Things Are 
Maurice Sendak (p3-6) 
.. and max said 
"I'll eat you up!" 
So he was sent to bed without eating anything. 
That very night, in Max's room, a forest grew and grew and grew 
until his ceiling hung with vines and his walls became the world 
all around and an ocean tumbled by with a private boat for 
Max and he sailed off through night and day and in and out of 
weeks and almost over a year to where the wild things are. 
And when he came to the place where the wild things are, they ... 
Thomas 
Professor Boffin's Umbrella 
L. G.A lexande r 
Longman Structural Readers Stage 2 
For students of English as a Second or Foreign Language. (p20) 
The professor doesn't hear Tobbot. He is very tired. He is 
sleeping. 
"Niffab!" Grorg cries. 
"What? What? I'm dreaming!" 
"Remember you mustn't sleep and dream," Grorg says, "It's a 
very bad habit. You have bad habits!" 
The saucer is flying through space. The earth is far away, but the 
saucer is moving very quickly. There are big lights round the 
saucer. They are shining in the black sky. The saucer looks like 
a big star in the sky. 
Appendix 
3) Questjonnajre 
SPOKENlEXT 
1 In a few words/short sentence describe the contents of the 
passage f2L write down any words you heard. 
2 Intelligibility Rating-
(Draw a circle round the number which you think best describes 
the speech). 
o 1 
COMPLETELY 
UNINlELLIGIBLE 
2 3 4 5 6 7 8 9 10 
COMPLETELY 
INTELLIGIBLE 
APPENDIX 5 
LITERACY SKILLS 
SPELLING 
1 Spelling Booklet (extract) 
2 Spelling Errors 
Appendix 
Appendix 5 Literacy Skills: spelling 
Spelling Booklet 
Appendix 
Appendix 5 Literacy Skills: spelling 
SeellinG errors !tarGetsz sUbjects and total eer target) 
target A G C K S total/ 
target 
zebra X 0 0 X X 3 
anchor X X X X X 5 
candle 0 0 0 X X 2 
swan 0 0 0 X X 2 
kangaroo X X X X X 5 
scissors X X X X X 5 
bow X X X X X 5 
parachute X X X X X 5 
television X X 0 X X 4 
aeroplane 0 X X X X 4 
bucket 0 X 0 X 0 2 
rabbit 0 X 0 0 0 I 
train 0 X 0 0 0 I 
chair 0 0 0 X 0 I 
castle 0 X X X 0 3 
sword 0 0 0 X 0 1 
windmiII 0 0 X X 0 2 
pencil 0 X X X 0 3 
dragon 0 X 0 X 0 2 
comb 0 0 0 X 0 1 
bear 0 0 0 X 0 1 
knife 0 X 0 X 0 2 
elephant X 0 0 X 0 2 
feather X 0 0 X 0 2 
butterfly 0 0 0 X 0 1 
needle 0 X X X 0 3 
garden 0 0 0 X 0 1 
monkey 0 0 0 X 0 1 
clown 0 X 0 0 0 1 
rocket 0 X 0 0 0 1 
car 0 0 X 0 0 1 
watch X 0 0 X 0 2 
N.B. 
X: spelling error; 0: spelling correct. 
APPENDIX 7 
RHYME JUDGEJ\1ENT 
I Spelling Regularity 
2 Practice Triads 
3 Instructions 
4 Spelling-Photograph Match 
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Appendix 7: Rhyme Judgement 
1) Spelling Regularity in NOD-Rhyme conditions 
Non-Rhyme Congruent 
pu b(R)-shoe(IRR) 
SOCk(R)-pear(IRR) 
bell(R)-pig(R) 
CUp(R)-ghost(IRR) 
fan(R)-Comb(IRR) 
key(R)-bread(IRR) 
church(R)-shoe(IRR) 
zip(R)-two(lRR) 
coat(R)-watch(IRR) 
Wall(R)-four(IRR) 
Non-Rhyme Incongruent 
toe(R)-shoe(IRR) 
bOne(R)-One(IRR) 
bOOt(R)-foot(IRR) 
cow(R)-bow(IRR) 
man(R)-SWan(IRR) 
stool(R)-wool(lRR) 
ear(R)-bear(IRR) 
Spear(R)-pear(IRR) 
ow I(R)-bow I(lRR) 
match(R)-watch(IRR) 
Note: (R)=regular spelling patterns, (IRR)=irregular spelling 
patterns 
2) Practice Triads for 'Odd-man-out' trials 
Congruent 
pen-ten-bike 
bat-rope-cat 
cat-pear-bear 
drum-pie-tie 
tree-wall-ball 
Extra Triads 
map-tap-key 
hair-rope-chair 
Incongruent 
key-T -fish 
rope-duck-book 
shoe-two-badge 
ball-rope-soap 
knee-key-mat 
Appendix 
l..l Written Instructions for Rhyme Judgement 
1) LOOK at the 2 PHOTOGRAPHS. 
2) A PHOTOGRAPH is NAMED using 1 WORD. 
A PHOTOGRAPH of a DOG is named DOG. 
A PHOTOGRAPH of a bottle of POP is named POP. 
Do you UNDERSTAND? Yes or no? 
3) Sometimes an ARROW points to the thing to be named. 
If an ARROW points to a RING on a finger, the photograph is 
named RING. 
Do you UNDERSTAND? Yes or no? 
4) Does the NAME of ONE PHOTO SOUND LIKE the NAME of the OTHER? 
Do the NAMES RHYME? 
Do you UNDERSTAND? Yes or no? 
5) IF the names SOUND the ALIKE put the CARD ON the SOUND ALIKE 
PAPER. 
Can you SEE the PAPER? Do you UNDERSTAND? 
6) IF names do NOT SOUND ALIKE put the CARD ON the NOT SOUND 
ALIKE PAPER. 
Can you SEE the PAPER? Do you UNDERSTAND? 
7) Do NOT HURRY. There is PLENTY of TIME. 
Appendix 
i.l Spel!jng-Photograoh Match Word Lists 
coat __ shoe ___ toys ___ ear 
---
bell ___ mop ___ ghost ___ eight ___ 
moon comb ___ wall 
---
saw ___ 
bread bat ___ sock 
--
owl 
---
tap ___ tower ___ two ___ church 
watch ___ drain ___ tree ___ soap ___ 
toe ___ hair ___ one 
---
fork 
---
chalk ___ booC __ cow __ man 
floue __ swan chair bow 
---
wooL __ rope ___ bear ___ toast ___ 
plate ___ spear ___ four 
---
bone 
---
bowl match goat ___ stool 
---
pub ___ boys ___ pig ___ train 
---
shop ___ cup ___ spoon __ foot ___ 
fan 
---
ball ___ key ___ shell 
--
cat 
---
pear ___ map ___ flower 
---
zip __ 
Note: Actual lists had font size 18 to enhance clarity and provide ample 
room for writing. 
APPENDIX 8 
SPEECH DISCRIMINATION 
AUDIO-VISUAL 
1 Photo-card Triads & Order of Presentation 
2 Practice Triads 
3 Minimal Pairs & Confusion Type 
4 Feature Contrasts (Initial & Final phonemes) 
5 Feature Contrasts for Vowels 
6 Andrew: Misidentified Targets 
7 Gary: Misidentified Targets 
8 Claire: Misidentified Targets 
9 Karen: Misidentified Targets 
10 Phonological Symmetry Words 
11 Copy of open page of Response Booklet 
1 2 Photocopies of 6 triads 
a & b vowel contrast 
c & d final and initial consonant contrast 
e & f initial and final consonant cluster 
(Triads presented individually in test) 
Appendix 
Appendix 8 Speech Discrimination 
1 ) SPEECH DISCRIMINATION TASK: PHOTO·TRIADS & ORDER OF 
PRESENTATION 
SESSION 1 PART 1 SESSION 2 PART 1 SESSION 3 PART 1 
1 I pig moon shell car sauirrel dog patch pan leaf 
2 bed cat fan hone well hair toes iug nose 
3 four man saw hair ghost toast pig wig cars 
4 mop chair shop bed cat bead drum pie tie 
5 pen watch peg sack lamp back chin chain bone 
6 boot key boat knife tree nine nail tail boys 
7 wall eight wool ring book string meat pig mat 
8 zip badge back eight door saw bell corn bed 
9 cat pear bear cars pi g card train knees nose 
10 corn map mat saw kite light bag badge first 
1 1 cat cart bed cake bone case bird crown clown 
12 grass knot glass rope duck book coat shell kite 
13 book crown bike shell bell corn jar boys car 
14 match patch jar nine coat boat one watch flag 
15 bird cow board wig match map nOse tie T 
16 fan key van bat rope cat bud bird ten 
17 back zip lip bat pig bad!!e tail car tile 
1 8 goat one coat wood snail sail hook tail book 
19 mat pip pig sling swing pop four wand one 
20 rope rose eight tail sail bone boat tap cap 
21 I pen ten bike gate bed goat soil pin sail 
22 six bell well milk tape tap key fish T 
23 aitch eight bush match coat comb sock cup cub 
24 log~map man fan phone bed mug ring iug 
25 bed pub bread ring wing saw pen knot cot 
26 nine T tree goat ghost saw bag purse back 
27 man pig moon bat cow key ring tie king 
28 bat bag shell cork peg corn cloud zip clown 
29 lace watch case bed man mat purse Z nurse 
30 ball rope soap bead bird saw comb tie toe 
31 bow grass bone tree coat tray bat back cloud 
32 sail door nail map tap key map key K 
33 bush peg book toast toes match vase cars milk 
34 socks six tree bell sock sack net fourth neck 
35 bed bird stamp lift chain list zip comb cone 
36 fourth fork card I pig knot peg loaf bike leaf 
37 shell boys tOYS card cart match r~ beer deer 
38 bush brush two tree wall ball pen comb hen 
39 wall coat cat kite one cat school map stool 
40 nest bat net train drain bed bush chair bud 
41 knife straw saw back book cheese nut foot pig 
42 Z bed log log dOl! milk door plant plank 
43 zip T two mat toast bat tent ten map 
44 bear map mop shed shell coat key spout scout 
45 fan zip man vase iars zip glove hood hook 
46 hair rope chair match ball bell witch switch T 
47 shoe two bad ge fur first bike knot leaf yacht 
48 sock bear map book dog tovs knee key mat 
Appendix 
SESSION I PART 2 SESSION 2 PART 2 SESSION 3 PART 2 
I key stool grass nail glove bear mat meat pig 
2 shoe two badge bat fan log nurse purse Z 
3 well bell six bed bead cat cup cub tree 
4 rope soap ball ring string book I pig wig cars 
5 nail sail door shell bell corn book hook tail 
6 two T zip duck book rope key T fish 
7 coat cat wall sack sock bell I pan patch leaf 
8 straw saw knife ghost toast key wand one four 
9 bed bird stamp match map wi g nail tail bovs 
10 badge back zip tray tree coat cloud clown ZiD 
1 I net nest bat drain train bed badge bag first 
12 bat bag shell door saw eight nOse toes iu!! 
1 3 socks six tree bat cat roDe caD taD boat 
14 mop shop chair man mat bed chain chin bone 
15 T tree nine kite light saw tie T nose 
16 grass glass knot tape tap milk I jar car boys 
17 man map log back sack lamp tie pie drum 
18 zip lip back boat coat nine coat kite shell 
19 wool wall eight goat gate bed bell bed corn 
20 mat map corn cars card ~ig vase cars milk 
21 case lace watch comb coat match deer beer house 
22 map mop bear nine knife tree one watch flag 
23 bird board cow phone fan bed neck net fourth 
24 pig_pip mat badge bat pig_ cot knot pen 
25 bread bed pub goat ghost saw clown crown bird 
26 saw four man case cake bone school stool map 
27 match patch jar cow key bat K key map 
28 cat cart bed snail sail wood nose knees train 
29 van fan key corn cork peg tail tile car 
30 pear bear cat wing ring saw bag back purse 
3 I goat coat one bird bead saw comb cone zip 
32 bike book crown sail tail bone ten tent map 
33 rose rope eight maD tap key bud bird ten 
34 man fan zip toes toast match ring king tie 
35 bone bow grass pig peg knot tie toe comb 
36 eight aitch bush ball wall tree nut foot pig 
37 ten Den bike swing sling POD mug iug rin!! 
38 book bush oeg lift list chain bud bush corn 
39 boat boot key card cart match back bat cloud 
40 fourth fork card kite cat one spout scout key 
4 I man moon pig book back cheese hen pen comb 
42 boys toys shell bat mat toast hood hook glove 
43 brush bush sock log dog milk witch switch T 
44 bed Z log fur first bike loaf leaf bike 
45 pen peg watch shell shed coat lolank plant door 
46 chair hair rope vase iars zip sail soil pin 
47 pig moon shell bell ball match : vacht knot leaf 
48 owl Z wand clock stamp bat key knee mat 
Appendix 
SESSION I PART 3 SESSION 2 PART 3 SESSION 3 PART 3 
I stamp clock pig cow boat pub yacht knot leaf 
2 map sock bear toys dog book sail soil pin 
3 ten bike pen shell shed coat tie _pie drum 
4 well bell six drain train bed mat meat pig 
5 bed log Z ball wall tree ten tent map 
6 coat cat wall badge bat pig cloud clown zip 
7 nail door sail kite cat one cup cub tree 
8 straw saw knife bell ball match nail tail book 
9 socks six tree lift list chain tie T nose 
10 two T zip sack sock bell bud bird ten 
I I net nest bat case cake bone spout scout key 
12 man map log duck book rope key T fish 
13 bed bird match match map wig nurse purse two 
14 case lace watch ring string book bag back purse 
15 boat boot key shell bell corn . pan patch leaf 
16 fourth fork card tape tap milk nut foot pig 
17 'pear bear cat man mat bed clown crown bird 
18 map mop bear I ghost toast wood one watch flag 
19 T tree nine bat cat rope mug iug ring 
20 van fan key I goat gate bed nose knees train 
21 bike book crown door saw eight cot knot pen 
22 rope soap ball bird bead saw wand one four 
23 badge back zip boat coat nine vase cars milk 
24 I pig pip mat comb coat match badge bag first 
25 I grass glass knot cars card pig iar car boys 
26 book bush peg I goat ghost saw cap tap boat 
27 man fan zip snail sail wood comb cone zip 
28 zip lip back cow key bat nose toes iug 
29 I pen peg watch back sack lamp deer beer house 
30 wool wall eight I phone fan bed coat kite shell 
31 bird board cow sail tail bone chain chin bone 
32 mat map corn wing ring saw school stool map 
33 I goat coat one corn cork peg tie toe comb 
34 rose rope eight nine knife tree bud bush chair 
35 cat cart bed toes toast match I pig wig cars 
36 eight aitch bush card cart match tail tile car 
37 match patch iar fur first bike bell bed corn 
38 bone bow grass kite light saw ring king tie 
39 saw four man map tap key hood hook glove 
40 bat bag shell swing sling pop neck net fourth 
41 bread bed pub I oig oeg knot hen pen comb 
42 bovs tovs shell book back cheese K key map 
43 chair hair rope log dog milk back bat cloud 
44 man moon pig vase jars zip witch switch T 
45 brush bush sock tray tree coat loaf leaf bike 
46 mop_ shop chair· bat mat toast book hook tail 
47 shoe two badge bed bead cat I plank plant door 
48 boat wall match bat fan log key knee match 
Appendix 
SESSION 1 PART 4 SESSION 2 PART 4 SESSION 3 PART 4 
1 two hair rope clock stamp bat nurse purse two 
2 match pear corn key rope sock tie T nose 
3 rope soap ball vase jars zi p nut foot pig 
4 well bell six book back cheese yacht knot leaf 
5 straw saw knife tray tree coat loaf leaf bike 
6 ten pen bike duck book rope bell bed corn 
7 nail sail door ball wall tree tie pie drum 
8 coat cat wall drain train bed pan patch leaf 
9 two T zio back sack lamo iar car boys 
10 Den oea watch I ph! pea knot ring king tie 
1 1 brush bush sock shell shed coat mug iug ring 
12 badge back zip kite cat one school stool maD 
13 net nest bat taoe tap milk cap tao boat 
14 book bush oea man mat bed wand one four 
15 fourth fork card I goat ghost saw nose knees train 
16 match oatch iar card cart match ten tent maD 
17 eight aitch bush sack sock bell chain chin bone 
18 map_ mop bear bell, ball match cot knot pen 
19 man moon pia corn cork pea cloud clown zio 
20 saw four man cars card pig oig wig cars 
21 man maD loa cow key. bat badge bag first 
22 bone bow arass map. tap key tie toe comb 
23 mat map corn lift list chain CUD cub tree 
24 I pig pip mat bat mat toast neck net fourth 
25 bat bag shell ghost toast hair deer beer house 
26 cat cart bed boat coat nine vase cars milk 
27 man fan zip log dog milk one watch flag 
28 I ~oat coat one I goat gate bed bag back purse 
29 rose rooe eight ring strin a book nail tail book 
30 T tree nine match map wig comb cone zip 
31 bread bed pub swing sling pop bud bush chair 
32 mop shop chair kite light saw clown crown bird 
33 wool wall eight comb coat match tail tile car 
34 bike book crown case cake bone K key map 
35 van fan key shell bell corn spout scout key 
36 I grass glass knot fur first bike nose toes iug 
37 zio liD back bat cat rooe hood hook alove 
38 bird board cow snail sail wood bud bird ten 
39 case lace watch bird bead saw book hook tail 
40 boat boot key toes toast match coat kite shell 
41 socks six tree wing ring saw hen pen comb 
42 I oear bear cat I phone fan bed witch switch T 
43 chair hair rope nine knife tree plank plant door 
44 bed bird stamp door saw eight sail soil pin 
45 boys toys shell badge bat pig key T fish 
46 bed Z log sail tail bone back bat cloud 
47 shoe two badge bed bead cat key knee mat 
48 toys milk log cow boat pub mat meat pia 
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2) Practice!n on ·test triads 
sock bear map 
book dog toys 
pig moon shell 
bed cat fan 
car squirrel dog 
3) Table 8a 
bone well hair 
nail glove bear 
bat log fan 
clock stamp bat 
key stool grass 
owl Z pop 
~T~o~t~aLI~~~in~im~a~I~P~a~I~'r~s~~w~i~th~~suu~b~t~o~t~a~ls~~f~oLr~tuaur~g~e~t .... twype 
Target Target low high 
Type Number confusion confusion 
Single Phoneme 
word- initial 51 32 19 
word- final 36 22 14 
Consonantal 
Clusters 
word-initial 13 
word-final 7 
Vowels 
short mono thongs 5 
short-long 8 
monothong 
long monothongs 3 
short mono- 6 
diphthong 
long mono- 7 
diphthong 
diphthong 5 
Grand Total 
4) Table 8b: 
Feature contrasts for grouped . . t' I IDJ la 
phonemes 
Feature Target Total Grand 
Number Number (Target x 4) Total 
1 Feature 116 
voice 7 28 
manner 9 36 
place 13 52 
2 Features 148 
voice + manner 12 48 
voice + place 8 32 
Manner + place 17 68 
3 Features 84 
voice + manner 
+ place 21 84 
Total 
(targets x 4) 
204 
144 
52 
28 
20 
32 
12 
24 
28 
20 
564 
and final 
Appendix 
~ Tnbl~ Se: 
E~lItu[~ Cllnt[llsts EIl[ l!21If!ls (excluding djphthllngs) 
Feature Target Total Grand 
Number Number !target x 4~ Total 
1 Feature 20 
height 4 16 
backness 1 4 
lips 0 0 
2 Features 24 
height + back. I 4 
height + lips 1 4 
Backness + lips 4 16 
3 Features 20 
voice + lips + 
backness 5 20 
6) Andrew 
Misidentifed Targets; Initial Consllnantal Clusters: 
phoneme 
Target chose number 
difference 
equal no: phonemes 
scout x 2 spout 0 
unequal no: phonemes 
bush brush I 
straw x 2 saw 2 
non-cognate option 
slin~ !swin~~ EOE !O~ 
Note 
Information in parentheses refers to the minimal pair cognate. 
Misidentified tnrgets Finnl consonnntal clusters 
phoneme 
Target chose number 
difference 
equal no: phonemes 
plant plank 0 
unequal no: phonemes 
fur first 2 
Appendix 
Misidentifed Targets; Vowel contrasts (Andrew) 
Target error contrast contrast contrast 
bead 
cat 
chin 
wall 
Note: 
bed 
kite 
chain 
wool 
duration 
duration 
duration 
duration 
height 
height 
height 
hei gh t 
backness 
DU: duration; H: height; B: Backness and L: lip-rounding 
Misid~D1i(i~d I:!lDS!lDIIDll1l 111[I:~ls. gbUDi!Wh: 
Duml!~[ IIDd tIIli: !If Slu!~tb f~lItll [~ !:!lDlrasls. 
Target Number low-high Feature Feature 
speech visual contrast contrast 
features confusion 
Initial 
van x 2 1 high voice 
yacht x 2 2 low manner 
Final 
aitch 1 high manner 
bat x 2 1 low 
bow 2 low manner 
bud 3 low voice manner 
card 1 low manner 
cars 1 low manner 
comb 1 low 
cub x 2 1 high voice 
fourth 2 low manner 
net 1 low 
peg 2 high manner 
pen 2 high manner 
rOEe 3 low voice manner 
P!lsiiilln, 
{ADd[l!w) 
Feature 
contrast 
place 
place 
place 
place 
place 
place 
place 
place 
place 
Appendix 
7) GARy 
Mi:zidi:Dli[i:d Initial ~2Dl[il5tS: 
Nllmhl:[ ilDd IlDI: $l[ SDI:I:£b El:ilt1I[I:~ C$lDt[ilsted 
Target No V.P F.e F.e F.e 
lip x 2 1 D M 
coat x 2 1 D V 
Fan 1 D V 
bear 1 D V 
dog 1 D M 
mat 1 D M 
bat x 2 1 D M 
sail 1 D M 
cap 1 D P 
match 2 D V M 
patch x 2 2 D V M 
. nail 2 E V M 
sail x 2 2 E V M 
two x 2 2 E M P 
saw 2 D V M 
door x 2 2 D V M 
ghost 2 D V P 
toast 2 D V P 
tail 2 D V M 
nail 2 D V M 
mop 3 E V M P 
kite 3 D V M P 
key x 2 3 D V M P 
foot 3 E V M P 
cot 3 D V M P 
book 3 E V M P 
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Mi::.hh:ntifed final CQntra::.t::.: 
Number and Type of Speech B:ature::. CQntra::.ted (Gary) 
Target No V.P F.e F.e F.e 
eight 1 D M 
aitch x 2 1 D M 
mat 1 E P 
cars 1 E M 
shed 1 D M 
shell 1 D M 
card 1 D V 
cub 1 D V 
cup 1 D V 
net x 2 1 E P 
back 1 D V 
bag 1 D V 
clown x 2 1 D M 
bell 1 D M 
bush x 2 2 E M P 
bat x 2 2 D V P 
fork x 2 2 E M P 
bow 2 E M P 
bat x 2 2 D V M 
man 2 D V M 
cake 2 E M P 
watch 2 E V M 
hood x 2 2 E V P 
patch 2 E V M 
rose x 2 3 E V M P 
bush x 2 3 E V M P 
Misidentifed Targets: 
Initial Consonantal Clusters: (Gary) 
Target ch os e number 
equal no: phonemes 
clown crown 0 
spout scout 0 
stool x 2 school 0 
unequal no: phonemes 
sail x 2 snail 1 
bush brush 1 
switch x 2 witch 1 
bed bread 1 
straw x 2 saw 2 
strinBj rin S 2 
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Mjsjdentjfed Targets: 
Final Consonantal Clusters 
Target ch ose nu m b er. 
unequal no: phonemes 
nest net 1 
net nest 1 
ghost x 2 goat 1 
wand x 2 one 1 
tent ten 1 
ten tent 1 
Mjsjdentjfed VoweJ Targets: 
Number and Type of Speech Features Contrasted 
Target error No F.C. F.C F.C 
pig peg 1 H 
wool x 2 wall 1 DU H 
wall wool 1 DU H 
cat cart 1 DU B 
phone x 2 fan DU 
cat coat DU 
tap tape DU 
chain x 2 chin DU 
chin chain DU 
Note: 
DU: duration; H: height; B: Backness and L: lip-rounding 
Misidentifed Targets: 
Phonemic ally Dissimilar option selected. Number 
and Type of Speech Features Contrasted in minimal 
pair .. (Gary) 
Target Locus No V.P. F.C F.C F.C 
moon PD(VL) (3) (S-L) (H) (B) (L) 
peg PD(VL) (1) (S-S) (H) 
kite PD(VL) (D-D) 
coat PD(VL) (D-D) 
knees PD(VL) (L-D) 
bat PD(F) (2) (D) (V) (M) 
mat PD(F) (2) (D) (V) (M) 
back PD(F) (1) (D) (V) 
list PD(F.CL) 
list PD(F.CL) 
jars PD(I) (2) (E) (M) (P) 
bell PD(I) (3 ) (E) (V) (M) (P) 
yacht PD(I) (2) (E) (M) (P) 
nose PD~Q p~ ~D~ (V) ~M~ 
Note: Letters in parenthesis refer to the contrast between the minimal 
pairs. 
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8) CLAIRE 
Mi~id!:ntif!:d Initial CQntr!l:2ts: 
NlImhl:[ and Il:DI: QC Slll:!a:b Ei:iltU[i!5 CQntnsted. 
Target No V.P F.C F.C F.C 
initial 
saw x2 1 E P 
coat x2 1 0 V 
Fan 1 0 V 
zip 1 E M 
bear 1 0 V 
sail 1 0 M 
log 1 0 M 
train x3 1 0 V 
tail 1 0 M 
mat 1 0 M 
key 1 0 P 
bat x2 1 0 M 
match x2 2 0 V M 
patch x2 2 0 V M 
sail 2 E V .M 
soap 2 E V M 
two 2 E M P 
vase 2 E M P 
tail 2 0 V M 
toes x2 2 0 V M 
nail 2 0 V M 
knot x2 2 E M P 
mug 2 E M P 
nose 2 0 V M 
case 3 0 V M P 
lace 3 0 V M P 
light 3 0 V M P 
knot x2 3 0 V M P 
foot 3 E V M P 
jar 3 E V M P 
car 3 E V M P 
Misid!:ntifed Targ!:ts: 
Initial Consonantal CllIstuSj (Claire) 
Target Chose number 
e!l.ual no: e.honemes 
school x2 stool 0 
scout spout 0 
crown clown 0 
unequal no: phonemes 
sail x2 snail 1 
snail x2 sail 1 
witch switch 1 
saw straw 2 
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Misi!;l!:ntifed final C!:mtrasts: 
~l!ml!!:r an !! TIU!: !,!f ~U!:!:!:h F!:atur!:~ C!,!ntrast!:d, (Claire) 
Target No V,P F,e F,e F,e 
Final 
cart x2 1 D V 
card 1 E M 
cars 1 E M 
back 1 D V 
net x2 1 E P 
neck 1 E P 
cub 1 D V 
comb 1 E P 
cone 1 E P 
pig 2 E V P 
pen 2 D M P 
peg 2 D M P 
mat 2 D V M 
man 2 D V M 
pan 2 E V M 
hook 2 E V P 
hood 2 E V P 
case 2 E M P 
rope 3 E V M P 
back 3 D V M P 
coat 3 E V M P 
knife 3 E V M P 
bud x2 3 E V M P 
Misidentifed Ta[g!:ts: 
Final Consonantal Clusters; (Claire) 
Target chose number 
e!l.ual no: I2.honemes 
I2lank I2 lant 0 
une!l.ual no: e.honemes 
net nest 1 
net nest 1 
goat ghost 1 
toast toes 1 
ghost x2 goat 1 
ten tent 1 
one wand 1 
fur first 2 
Appendix 
Misil;h:nti(!:d Vowel Ii1[2i:ls: 
ISnm!2l:r and TIU!: Qf SU!:!:!:h F!:atur!:~ CQntrast!:d, (Claire) 
Target error No F,e, F,e F,e F,e 
wall x2 wool 1 DU H 
map mop 2 B L 
board x2 bird 2 H B 
six socks 3 H B L 
tap x2 tape DU 
bed bead 1 DU H 
peg pig 1 H 
tray tree 
bud x2 bird 2 DU H L 
tail x2 ti I e 
Note: 
DU: duration; H: height; B: Backness and L: lip· rounding 
Misidwtif!:d Targ!:ts: 
Phonemically Dissjmilar option selected. 
lSumb!:r and TIUe Qf SU!:e!:h F!:atnres CQntfilst!:d in 
minimal pair.. (daire) 
Target 
man 
bed 
cap 
tile 
Note: 
Locus 
P.D.(F) 
P.D (F) 
P.D.(I) 
P.D(VL) 
No 
2 
1 
1 
1 
V,P, 
D 
D 
E 
F,e 
v 
F.e 
M 
M 
HI 
F.e 
P 
Letters in parenthesis refer to the contrast between the minimal pairs. 
HI: Height at the first position of vowel before the glide ([el) and [al) share 
the same height after the glide. 
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9) KAREN 
M i ~i!! !:nlif!:!! Inilial !.:;2nlra~ls: 
Numb!:[ IlDd Ixu!: Q[ Su!:!a:b E~alu[~5 !.:;2Dl[asted 
Target No. V.P F.e F.e F.e 
fan 1 d V 
zip 1 e M 
soap 2 e V M 
two x 2 2 e M P 
four x 2 1 e P 
patch x 2 2 d V M 
bear 1 d V 
goat x 2 1 d V 
match 2 d V M 
coat 1 d V 
lace 3 d V M P 
Z 2 e M P 
saw x 2 2 d V M 
sail x 2 1 d M 
train x 2 1 d V 
light 3 d V M P 
sack 3 e V M P 
ball 2 e M P 
mat 1 d M 
vase 2 e M P 
bat 1 d M 
toast 2 d V P 
nose x 2 2 d V M 
knot x 2 3 d V M P 
purse 3 e V M P 
nail x 2 2 d V M 
toes 2 d V M 
foot x 2 3 e V M P 
jug 2 e M P 
key 3 d V M P 
knee 3 d V M P 
knot 2 e M P 
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Mjsjdentifed Targets: 
Initial Consonantal Clusters; (Karen) 
Target Chose number 
equal no: phonemes 
stool x 2 school 
unequal no: phonemes 
sail x 3 snail I 
bed bread 1 
bush brush 1 
swi tch witch 1 
string x 2 ri n g 2 
saw straw 
Mi~hII!Dti[S!d final C2DiI3StS: 
Numb~[ BDd lIDS! 2f SU!:!:!:b E!:illll[!::i !:2nl[illiled. 
(KilHn) 
Target No V.P F.C F.C F.C 
peg x 2 2 d M P 
bat 2 d V P 
man 3 e V M P 
pig x 2 2 e V P 
pen 2 d M P 
bone 2 e M P 
fourth 2 e M P 
eight 1 d M 
bow 2 e M P 
map 1 e P 
cart x 2 1 d V 
card x 2 1 e M 
nine 3 e V M P 
card 1 d V 
corn 3 d V M P 
cake 2 e M P 
bat 2 d V M 
pan 2 e V M 
back x 2 1 d V 
net x 2 1 e P 
patch x 2 2 e V M 
cloud 1 d M 
bud x 2 3 e V M P 
hook 2 e V P 
clown 1 d M 
one 2 e V M 
cub 1 d V 
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Mjsjdentjfed Targets: 
Final Consonantal Clusters: (Karen) 
Target Chose number 
equal no: phonemes 
plank x 2 plant 
unequal no: phonemes 
goat x 2 ghost 1 
toes x 2 toast 1 
toast toes I 
net x 2 nest I 
tent ten 1 
ten x 2 tent I 
one wand 1 
fu r first 2 
first fur 2 
Misidentifed yowel Targets: 
Number and Type of Sneech Features Contrasted. 
(Karen) 
Target error No F.C. F.C F.C F.C 
pig peg 1 H 
sock sack 2 B L 
wall wool 1 DU H 
bird bed 3 DU H B L 
wool wall 1 DU H 
bud x 2 bird DU 
tap x 2 tape DU 
chain x 2 chin DU 
boot boat 
tree x 2 tray 
key cow 
loaf x 2 leaf 
T tie 
tile x 2 tail 
sail soil 
Note: 
DU: duration; H: height; B: Backness and L: lip-rounding 
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Misid!:Dlif!:d Iau!:tli: 
Ph!!D!:mi!,; aliI Dissimilar !!ntion sele!,;ted. 
Numl!!:[ aDd TIll!: Qf SI!!:!:!,;b E~atlJ[i!5 
minimal nairu (Kar!:n) 
Target Locus No V.P. F.e F.e 
aitch X 2 PO (F) 1 0 M 
pen X 2 PO (I) 1 E 
match PO (I) 2 0 V M 
bird PO (V) 2 H B 
six PO (V) 3 H B 
list PO (FC) 
mat PO (F) 2 0 V M 
sail PO (V) 
yacht PO (I) 2 E M 
knot PO (I) 2 E M 
pen PO (I) 2 E M 
nurse PO (I) 3 E V M 
Note: 
Letters in parenthesis refer to the contrast between 
10) PhQDQIQgkal sxmm!:tn wQrds 
y.y/I, 
Labial van-fan 
aJveolar drain-train 
stop-nasal 
bat-mat 
toes-nose 
C2Di[il5ti!d in 
F.e 
P 
L 
P 
P 
P 
P 
the minimal pairs. 
fricatiye.nasal 
fan-man 
sail-nail 
App endix 
11) R es ponse Booklet for A-V and Visua l Only Speec h 
Discrimination Tests. Pages 1 & 2 
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APPENDIX 8a 
SPEECH DISCRIMINATION 
VISUAL ONLY 
1 Minimal Pairs & Target Type 
2 Feature Contrasts (Initial & Final phonemes) 
2 Feature Contrasts (Vowels) 
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APPENDIX SA; VISUAl. DISCRIMINATION 
Table 1 
Total Minimal Pairs with subtotals for tarset tlee 
Target Target low high Total 
T:iEe Number confusion confusion (targets 
Single Phoneme 
word7 initial 16 8 8 64 
word- final 10 5 5 40 
Consonantal Clusters 
word-initial 3 12 
word-final 4 16 
Vowels 
short monothongs 3 12 
short-long monothong 2 8 
long monothongs 1 4 
short mono-diphthong 3 12 
long mono-diphthong 2 8 
diphthong I 4 
Grand Total 180 
Table 2 
.F::.:;e a~t~u:.:r~e:.....:;c:o::.n~tr~a!.ls:!:ts~..:f.::o::;r_iO.gr~o~u::Jp~e:;,:d!-..:i.!!n~i t~i a:!,I!-..:a:,::n:,:;d:.,. fi n a I phonemes 
Feature Target Total Grand 
Number Number (Target" 4) Total 
1 Feature 36 
voice 
manner 
place 
2 Features 
voice + manner 
voice + place 
Manner + place 
3 Features 
voice + manner 
+ place 
Table 3 
2 
5 
2 
3 
3 
4 
7 
Feature Contrasts For 
(excluding diphthongs) 
Feature Target 
Number Number 
1 Feature 
height 2 
backness 0 
lips 0 
2 Features 
height + back. 0 
height + lips 0 
Backness + lips 2 
3 Features 
voice + lips + 2 
backness 
8 
20 
8 
12 
12 
16 
28 
Vowels 
Total 
(target x 
8 
0 
0 
0 
0 
8 
8 
40 
28 
Grand 
4) Total 
8 
8 
8 
x 4) 
II 
II 
II 
l I 
l I 
l I 
I 
